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Abstract

Different metabolic and environmental factors affect the blood pressure level, constituting a cluster,
especially in hypertensives, that leads to an increased risk of cardiovascular diseases. The present
research was designed to determine the prevalence and the predictors of the metabolic syndrome and
the role of insulin and blood pressure in carotid atherosclerosis in 600 treated male and female
hypertensives aged 40-59 years and 600 age- and sex-matched controls.

The prevalence of the metabolic syndrome in different population-based cohorts varied,
depending on the definition, from 0.8% to 35.3%, being lowest in control men and women and highest
in hypertensive men. 73.8% of a random, middle-aged, urban population showed at least one
cardiovascular risk factor, and 91.3% of all hypertensive subjects showed at least one cardiovascular
risk factor in addition to hypertension itself. The independent predictors of the metabolic syndrome
were waist circumference, uric acid, total cholesterol and gamma-glutamyl transpeptidase.
Hypertension had a significant effect on carotid intima-media thickness and the prevalence of plaques
in men, but its effect in women was not significant. A long duration of hypertension resulted in greater
intima-media thickness and a higher prevalence of plaques, particularly in men. There were
significant associations between gamma-glutamyl transpeptidase and the components of the
metabolic syndrome after adjustment for alcohol consumption and also in teetotallers. There were
inconsistent associations between the different insulin measures and the intima-media thickness as a
measure of carotid atherosclerosis. The exclusion of diabetic subjects did not change the results.

 In conclusion, a cluster of metabolic abnormalities related to hypertension is frequent among both
controls and treated hypertensive subjects. Hypertensive subjects have higher prevalences of
carbohydrate and lipoprotein aberrations and structural and functional cardiovascular complications
than age- and sex-matched controls.
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1 Introduction

Elevated blood pressure is an independent cause of serious cardiovascular disease and
premature mortality from such disease. Hypertension plays an important and critical role
in atherosclerotic cardiovascular disease, but its impact is greatly influenced by coexistent
contributors, particularly abnormalities in blood lipid and glucose metabolism.
Atherosclerotic cardiovascular sequelae, including stroke, coronary disease and
peripheral arterial disease, all occur with two- to threefold frequencies in hypertensives
compared to normotensives of the same age. The incidence of every clinical
manifestation of CHD is increased in hypertensive persons, and the risk is proportional to
the severity of the antecedent hypertension (Kannel 1990).

Epidemiological studies have shown a clustering of overall adiposity, lipid disorders
and impaired glucose tolerance in patients with high blood pressure (Modan et al. 1985,
Zavaroni et al. 1989, Haffner et al. 1988). Reaven postulated that insulin resistance and
compensatory hyperinsulinaemia underlie this clustering (Reaven 1988). He coined the
term “syndrome X” (or the “insulin resistance syndrome”, which was later re-named the
“cardiovascular metabolic syndrome”) to describe the associations between insulin
resistance, hyperinsulinaemia, glucose intolerance, dyslipidaemia and hypertension,
speculating that this syndrome may be an important cause of atherosclerotic
cardiovascular disease in affluent societies. Later, the original version of syndrome X was
updated to include several other metabolic abnormalities and disease end-points (Reaven
1994). In the original report on the prevalence of the metabolic syndrome, it was shown
by the glucose clamp techique that approximately 25% of non-obese individuals with
normal glucose tolerance have resistance to insulin-stimulated glucose uptake as
individuals with impaired glucose tolerance or non-insulin-dependent diabetes mellitus
(Hollenbeck & Reaven 1987). Later, the prevalence of the metabolic syndrome as defined
by different criteria has varied between 3.6% (Eriksson et al. 1992) and 52.9% (Modan et
al. 1985). The most probable reasons for the marked variation in the prevalence rates are
the variabilities in the populations studied and definitions used in studying the metabolic
syndrome.

Insulin has also been implicated as an indirect cause of atherogenesis, as it promotes
the development of hypertension and dyslipidemia (Zavaroni et al. 1989, Haffner et al.
1988, Reaven 1988, Reaven 1994). High insulin levels have been shown to be an
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independent risk factor for ischaemic heart disease in five prospective studies (Pyörälä et
al. 1985, Casassus et al. 1992, Welborn & Wearne 1979, Després et al. 1996, Folsom et
al. 1997). High insulin levels have been associated with left ventricular hypertrophy in
hypertensives, but not in controls (Sharp & Williams 1992), and with coronary heart
disease in non-insulin-dependent diabetics and their controls (Rönnemaa et al. 1991).
There has also been some evidence of asymptomatic atherosclerosis in the femoral or
carotid arteries and insulin resistance in small groups of patients (Laakso et al. 1991,
Agewall et al. 1995).

Carotid artery atherosclerosis measured with ultrasonography (US) as intima-media
thickening (IMT) has been associated with coronary artery disease (Craven et al. 1990,
Howard et al. 1990). IMT has been used as a surrogate end-point of the early
atherosclerotic process (Berglund et al. 1994), and it is reduced by lipid-lowering therapy
(Mack et al. 1993, Salonen et al. 1995).

The present studies were designed to assess the prevalence and the predictors of the
metabolic syndrome and the associations between the cardiovascular risk factors and the
complications related to atherosclerosis and hypertension in a random population-based
case-control sample of patients with high blood pressure and in sex- and age-matched
controls.



2 Review of the literature

2.1 Hypertension

2.1.1 Epidemiology: etiology, prevalence, incidence

The population samples of the FINMONICA project carried out in different regions in
Finland in 1992 showed that the prevalence of elevated BP (≥ 160/95 mmHg or the use of
antihypertensive medication) was 26–31% and 19–21% in men and women aged 25 to 64
years, respectively (Nissinen et al. 1994). In Finland, 440 207 subjects were entitled to a
special refund of antihypertensive medication at the end of 1993. A new classification of
adult blood pressure based on its impact on cardiovascular disease was provided by NIH
in 1997 (Joint National Committee on Prevention, Detection, Evaluation, and Treatment
of High Blood Pressure, 1997). In this classification, the optimal blood pressure with
respect to cardiovascular risk is SBP < 120 mm Hg and DBP < 80 mm Hg. Persons with
stage I (mild) hypertension have SBP 140–159 mm Hg or DBP 90–99 mm Hg based on
the average of two or more readings taken at each of two or more visits after an initial
screening. Persons with stage II hypertension have SBP 160–179 mm Hg or DBP
100–109 mm Hg. Persons with stage III hypertension have SBP ≥ 180 mm Hg or DBP
≥ 110 mm Hg. Based on these definitions, as many as 43 million people in the United
States have hypertension or are taking antihypertensive medication, which accounts for
approximately 24% of the adult population. The recommendations of the Second Task
Force of European and Other Societies on coronary prevention, including evaluation and
treatment of high blood pressure, were issued in 1998 (Wood et al. 1998).

Non-fatal and fatal CVD events, including CHD and stroke, as well as renal disease
and all-cause mortality, increase progressively with higher levels of both SBP and DBP.
However, unawareness of elevated BP and inadequate control of hypertension are
frequent. Kastarinen et al. (2000) found that 6.8% of hypertensive men aged 25–64 years
were untreated and unaware of their hypertension, 9.4% were aware but untreated, and
12.3% were treated with drugs, while 71.5% of men were normotensive in 1997. The
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corresponding prevalences in women were 2.9%, 5.8%, 10.1% and 81.2% in 1997.
During 1982–1997, the proportion of subjects not aware of their hypertension decreased
consistently for both sexes. 

The proportion the adult population having hypertension or taking antihypertensive
medication varies with (1) race, being higher in blacks (32.4%) and lower in whites
(23.3%) and Mexican Americans (22.6%); (2) age, because in the industrialized
countries, systolic BP continues to rise throughout life, whereas diastolic BP rises until
age 55 to 60 years, and thus the greater increase in the prevalence of hypertension is
mainly due to systolic hypertension; (3) geographic patterns, because hypertension is
more prevalent in the southeastern United States; (4) gender, because hypertension is
more prevalent in men (though menopause tends to abolish this difference); and (5)
socioeconomic status, which is an indicator of lifestyle attributes and inversely related to
the prevalence, morbidity and mortality rates of hypertension (Carretero & Oparil 2000). 

Essential, primary, or idiopathic hypertension is defined as high BP without secondary
causes, such as renovascular disease, renal failure, pheochromocytoma, aldosteronism, or
other causes of secondary hypertension or mendelian forms (monogenic). Essential
hypertension accounts for 95% of all cases of hypertension. However, essential
hypertension is a heterogeneous disorder, with different subjects having different causal
factors that lead to high BP. In most patients, one or several of these causes can be
recognized and modified in order to reduce the future CVD risk. 

The most important independent risk factors for the development of hypertension have
been shown to be age (multiple regression coefficient 0.58 in men and 0.75 in women)
and subscapular skinfold as a measure of obesity (multiple regression coefficient 0.28 in
men and 0.37 in women) (Kannel 1990). Future hypertensives tend to evolve from the
upper end of the normal blood pressure distribution. Hence, initial BP is actually the best
single predictor of the future hypertension incidence. However, a fat person is at an
increased risk of future hypertension regardless of his/her initial BP. Baseline BP explains
no more than 20% of the hypertension-obesity-incidence relationship. Attributable risk
estimates, using an obesity threshold of 1 cm subscapular skinfold, suggest that 78% of
hypertension in men, as opposed to 65% in women, is directly attributable to adiposity. In
the Framingham study (Ashley & Kannel 1974), it was estimated that each 10% weight
gain is associated with a 6.5 mmHg increase in systolic BP. The mechanism by which
obesity raises BP is not fully understood, but increased BMI is associated with an
increase in plasma volume and cardiac output. BP in obese adolescents is sodium-
sensitive, and fasting insulin is a predictor of this sensitivity Rocchini et al. 1989). This
sensitivity has been suggested to be due to the combined effect of hyperinsulinemia,
hyperaldosteronism and increased activity of the sympathetic nervous system (Carretero
& Oparil 2000). Other potentially modifiable risk factors that increase BP have been
shown to be insulin resistance, high alcohol intake, high salt intake (in salt-sensitive
patients), stress, low potassium intake and low calcium intake. Furthermore, many of
these factors are additive, such as obesity and alcohol intake. The influence of genes on
BP has been suggested by family studies, pedigree and twin studies. BP variability
attributed to all genetic factors varies from 25% in pedigree studies to 65% in twin
studies. Additionally, genetic factors also influence behavioral patterns, which might lead
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to BP elevation. Mutations in at least 10 genes have been shown to raise BP through a
common pathway by increasing or decreasing salt and water reabsorption by the nephron
(Lifton 1996). 

2.1.2 Risk factors for cardiovascular disease in hypertension

Hypertensive vascular disease appears to affect mainly the small arteries and arterioles.
The major features are thickening of the muscular layers and proliferation of the intima,
often with some hyaline changes in the arterial wall and hyperplasia of the elastic layers.
Disruption of the intima with thrombus formation is not usually seen in benign
hypertension. All the manifestations of hypertensive vascular disease appear to be direct
consequences of the elevated intra-arterial pressure (Doyle 1991). In the pathogenesis of
atherosclerosis, the main factor appears to be the disturbances of lipoprotein metabolism,
particularly the elevated levels of LDL cholesterol. 

There is powerful evidence to link blood pressure to clinical cardiovascular pathology.
Hypertension predisposes both sexes to ischemic infarction of the myocardium and in
both elderly and young age groups. Hypertension, for reasons which are unclear, appears
to predispose particularly to silent or atypical myocardial infarctions. In hypertensive men
and women 35% and 45% of infarctions, respectively, go unrecognized (Kannel 1990).
Although diastolic elevations are accorded more importance than systolic increases, there
is no evidence to show that major cardiovascular sequelae would be more closely linked
to diastolic than systolic blood pressure. Indeed, in elderly subjects with systolic
hypertension, the risk of CVD was unrelated to the concurrent diastolic blood pressure. In
diastolic hypertensives, on the other hand, concurrent systolic pressure was highly
predictive. Isolated systolic hypertension is associated with a greater than twofold risk of
CVD. The probability of developing CVD is directly related to the degree of elevation of
BP in both sexes at all ages without any obvious threshold level (Taylor 1987).

Lipid and lipoproteins are fundamental to the atherosclerotic process and greatly affect
the impact of hypertension on the pace of atherogenesis. Among nonsmokers, the
differences in risk per 10 000 person-years between the highest and lowest cholesterol
quintiles ranged from 7.6 for those with diastolic BP less than 76 mm Hg to 19.6 for
those with diastolic BP 92 mm Hg or greater (Neaton et al. 1992). The protective effect of
HDL cholesterol is at least equally strong as the atherogenic influence of LDL
cholesterol.
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2.2 Metabolic syndrome

2.2.1 Definition, prevalence, incidence

Insulin is a peptide hormone which is produced in pancreatic B cells as the primary
biosynthetic product, preproinsulin, containing 109 amino acid residues (MW ∼ 11 500).
This peptide is rapidly converted to proinsulin (86 amino acid residues, MW ∼ 9000) by
cleavage of the amino terminal 23 amino acid “pre” sequence. Within the B cell secretory
granules, proinsulin is converted by proteolytic cleavage to insulin (51 amino acids,
MW ∼ 6000) and C peptide (31 amino acids, MW ∼ 3000). Thus, the final B cell
secretory product is 95 per cent insulin and C peptide in equimolar amounts and 5 per
cent unconverted proinsulin. The regulation of insulin release is extremely complex,
being influenced by glucose, amino acids, intestinal hormones, glucagon, neural
influences, and other factors. However, glucose is the most important stimulus and, via a
feedback effect, a major inhibitor of insulin secretion. Other factors stimulating insulin
secretion are mannose, certain amino acids, intestinal hormones, acetylcholine, glucagon,
cyclic AMP, β-adrenergic stimulating agents and certain drugs, e.g. sulfonylureas.
Inhibitors of insulin secretion are somatostatin, 2-deoxyglucose, α-adrenergic stimulating
agents, such as norepinephrine and epinephrine, β-adrenergic blocking agents and several
drugs. (Olefsky 1988).

Insulin exerts a dominant effect on the regulation of glucose homeostasis. These
glucoregulatory effects are predominantly exerted in three tissues: liver, muscle and fat.
In the liver, insulin inhibits the production of glucose by inhibiting gluconeogenesis and
glycogenolysis and also promotes glycogen storage. In muscle and adipose tissue, insulin
stimulates the uptake, storage, and use of glucose. Insulin also has a major role in the
systemic regulation of protein and lipid metabolism (see chapter 2.2.2). It further
stimulates potassium transport in muscle, cellular differentiation in adipocytes, ovarian
production of androgens and renal retention of sodium. (Moller and Flier 1991). Insulin’s
diverse actions are initiated by interaction with a specific transmembrane protein receptor.
The extracellular α  subunit confers high-affinity insulin binding. The transmembrane
component of the β subunit is responsible for transducing the signal of insulin binding to
the interior of the cell. After insulin binding, specific tyrosine residues of the intracellular
region of the β subunit are rapidly phosphorylated, and the tyrosine kinase intrinsic to this
region is activated. Intracellular mechanisms have been discussed by Després & Marette
(1994).

The phenomenon of insulin resistance was first described in 1936 by Himsworth, who
observed that elderly or obese diabetic subjects were relatively insensitive to the
hypoglycaemic effect of insulin. On the basis of this finding, he suggested that patients
with diabetes should be divided into two categories, insulin-sensitive and insulin-
insensitive. Later, the concept of insulin resistance was connected to the reduced response
of insulin in the regulation of glucose homeostasis in muscle, adipose tissue and liver.
Studies in the 1960’s and 1970’s showed the resistance to insulin-stimulated glucose
uptake to be a characteristic feature in patients with non-insulin-dependent diabetes
mellitus and impaired glucose tolerance. Furthermore, it was noticed that insulin-
stimulated glucose uptake can vary almost threefold in inviduals with normal glucose
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tolerance, and at least 25% of individuals with normal glucose tolerance were equally
resistant to insulin-stimulated glucose uptake as patients with NIDDM and IGT
(Hollenbeck & Reaven 1987). Deterioration of glucose tolerance can only be prevented if
the pancreatic β-cell is able to increase its insulin secretory response and maintain a state
of chronic hyperinsulinemia. If hyperinsulinemia cannot be maintained, the plasma free
fatty acid (FFA) concentration will not be suppressed normally , and the resulting
increase in plasma FFA production will lead to increased hepatic glucose production. In
insulin-resistant individuals, even small increases in hepatic glucose production are likely
to lead to significant fasting hyperglycemia under these conditions (Reaven 1988).
Although hyperinsulinemia may prevent direct decompensation of glucose homeostasis,
high plasma insulin levels were shown to predict the future development of coronary
heart disease risk factors, such as NIDDM, hypertension, increased plasma triglyceride
concentration and decreased HDL concentration during an 8-year follow-up (Haffner et
al. 1992). Furthermore, high plasma insulin levels have been associated with an increased
risk of ischemic heart disease in several prospective population studies (Pyörälä et al.
1985, Casassus et al. 1992, Welborn & Wearne 1979, Després et al. 1996, Folsom et al.
1997).

A number of common metabolic disorders have been shown to be associated with
insulin resistance and hyperinsulinemia (Reaven 1988, Reaven 1994, DeFronzo &
Ferrannini 1991). The essential metabolic disturbances for the syndrome X (later the
insulin resistance syndrome or the metabolic syndrome) proposed by Reaven (1988) are
low insulin-mediated glucose uptake (insulin resistance), hyperinsulinemia, impaired
glucose tolerance, increased concentration of VLDL triglycerides, decreased
concentration of HDL cholesterol and hypertension. Although the concept of “insulin
resistance syndrome” has received support in several reviews and editorials (Foster et al.
1989, Kaplan 1989, DeFronzo & Ferrannini 1991), it has been challenged in some others
(Cambien et al. 1987, Mbanya et al. 1988, Jarrett 1988). Extensive reviews have recently
been published on the strategies of diagnosing the metabolic syndrome (Taskinen 1993),
on lipid metabolism in the metabolic syndrome (Frayn 1993) and on the relations of the
components of the metabolic syndrome to the coronary disease risk (Després & Marette
1994).

The underlying metabolic defect explaining the cluster has been assumed to be
resistance to insulin-stimulated glucose uptake, i.e. insulin resistance (Reaven 1988). The
primary cause of insulin resistance is unclear, though genetic predisposition is probably
important, exposing an individual to such environmental effects as excessive energy
intake leading to obesity, which in turn deteriorates insulin sensitivity. Possible
pathogenetic mechanisms for the development of the MS have been constructed to
include hypertension, glucose intolerance, hyperinsulinemia, low HDL cholesterol and
high triglycerides. 

Insulin resistance is defined as a condition in which the body fails to respond normally
to insulin (DeFronzo et al. 1979). High circulating insulin levels are the pathognomic
feature of the insulin-resistant state. The golden standard for determining insulin
resistance is to measure the subject’s insulin-mediated glucose uptake with the
euglycemic hyperinsulinemic clamp technique (DeFronzo et al. 1979), which is, however,
laborious and not applicable either to clinical practice or to epidemiologic studies. The
other techniques available are the insulin tolerance test, the insulin suppression test, the
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frequently sampled intravenous glucose tolerance test and the regional artero-venous
balance (Del Prato 1999). Epidemiologic studies have used OGTT to estimate the degree
of insulin resistance. The correlations of insulin resistance (whole-body glucose uptake in
clamp studies) with fasting or postload insulin levels were remarkably consistent, ranging
from −0.58 to −0.74 (p < 0.01) in subjects with normoglycemia and from −0.47 to −0.60
in subjects with IGT. In subjects with NIDDM, only the fasting insulin levels correlated
significantly with insulin resistance. The author concludes that, in population studies,
only the fasting insulin level should be used as a marker of insulin resistance, particularly
in subjects with abnormal glucose tolerance (Laakso 1993).

The criteria for the metabolic syndrome have not been established in the recent
literature. Insulin resistance has been measured with the peripheral serum insulin
concentration in epidemiological studies. Table 1 shows the definitions used in the
previous studies assessing hyperinsulinemia as a risk factor for cardiovascular diseases.
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Haffner et al. (1992) compared the upper quartile to the lowest quartile of fasting insulin
to ensure adequate numbers of hyperinsulinemic individuals for their prospective
analysis. Eriksson et al. (1992) used as a cut-off point the mean value plus one standard
deviation for insulin (21.7 mU/L) and triglycerides (2.5 mmol/L). In order not to
underestimate the prevalence of metabolic disturbances, they used > 20 mU/L for
hyperinsulinaemia and > 2.3 mmol/L for hypertriglyceridemia. Haffner et al. (1992)
used > 2.82 mmol/L for hypertriglyceridemia, as recommended by the National Institutes
of Health consensus conference (Consensus conference 1984). The HDL cholesterol
concentration was considered to be abnormal if it was < 0.91 mmol/L in men and < 1.17
mmol/L in women. Different cut-off points for HDL cholesterol in men and women were
chosen, because the HDL cholesterol levels were ~ 0.26 mmol/L higher in women than in
men. Vanhala, in his thesis on the metabolic syndrome in Finland (Vanhala 1996), used
≥ 1.70 mmol/L for hypertriglyceridemia, ≥ 13.0 mU/L for hyperinsulinemia, and < 1.00
mmol/L in men and < 1.20 mmol/L in women for low HDL cholesterol. Laakso et al.
(Laakso 1993) used as cut-off points ≥ 2.3 mmol/L for hypertriglyceridemia and < 0.9
mmol/L in men and < 1.2 mmol/L in women for low HDL cholesterol. Commonly
accepted definitions accordant with the World Health Organization (WHO) criteria are
available for hypertension (WHO 1959), impaired glucose tolerance and diabetes mellitus
(WHO 1980). 

Vanhala (1996) defined MS to be present in subjects who simultaneously had
dyslipidemia (hypertriglyceridemia ≥ 1.70 mmol/L and/or low HDL cholesterol < 1.00
mmol/L in men and < 1.20 mmol/L in women), and insulin resistance (IGT/NIDDM and/
or hyperinsulinemia as fasting plasma insulin ≥ 13.0 mU/L). MS was present in 17% of
men, 8% of women, 34% of hypertensive men and 25% of hypertensive women. In
subjects with central obesity (BMI ≥ 30 kg/m2 and WHR ≥ 1.00 in men and ≥ 0.88 in
women) the prevalence of MS was 56% in men and 40% in women, and when compared
to subjects without any type of obesity, the occurrence of MS was 14- to 20-fold.

A WHO expert committee has recently proposed that the definition should focus
mainly on the relationsip with cardiovascular disease (Alberti & Zimmet for the WHO
Consultation 1998). The expert committee decided to define insulin resistance as insulin
sensitivity under hyperinsulinaemic euglycaemic clamp conditions below the lowest
quartile for the population under investigation. This definition was chosen empirically,
but the lowest quartile of insulin sensitivity in normal individuals matches the degree of
insulin resistance in patients with type 2 diabetes (Reaven & Hollenbeck 1987). The
committee proposed that the metabolic syndrome should be diagnosed in patients who
have glucose intolerance (2-hour OGTT plasma glucose level > 7.8 mmol/L) and/or
insulin resistance (insulin sensitivity below the lowest quartile for the population)
together with two other components of the syndrome (WHR female > 0.85, WHR
male > 0.90, BMI > 30 kg/m2, blood pressure ≥ 160/90 mmHg, triglycerides ≥ 1.70
mmol/L, HDL cholesterol female ≤ 1.0 mmol/L, male ≤ 0.9 mmol/L).

In the present study, the WHO definition for hypertension (systolic blood pressure
≥ 160 mmHg or diastolic blood pressure ≥ 95 mmHg) was used. Diabetes mellitus was
also defined according to the WHO criteria (WHO 1980), i.e. known diabetes mellitus or
fasting blood glucose ≥ 6.7 mmol/L or 2-h blood glucose ≥ 10.0 mmol/L at the oral
glucose tolerance test, and impaired glucose tolerance (IGT) as fasting blood
glucose < 6.7 mmol/L, but 2-h blood glucose 6.7–9.9 mmol/L. The cut-off point for
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hypertriglyceridemia was chosen to be ≥ 2.0 mmol/L on the basis of the increased risk of
cardiovascular complications above that triglyceride level (Consensus conference 1984).
Hyperinsulinemia was defined as the value ≥ 12 mU/L, which represents the criteria
commonly used in epidemiological studies. The difficulties in comparing the absolute
insulin values between different laboratories makes the definition of hyperinsulinemia
non-comparable and limited to the populations studied. 

2.2.2 Lipid metabolism in insulin resistance

The basic components of dyslipidemia in insulin resistance include elevation of
triglycerides and lowering of HDL cholesterol. Recently, additional elements have been
associated with dyslipidemia, including small, dense LDL, postprandial lipemia and
abnormalities of the fibrinolytic system (Frayn 1993, Taskinen 1995, Reaven 1999 ). All
these metabolic disturbances are potentially atherogenic and, because of the mixed
interplay and close correlations between the components, this complex network may help
to explain the controversy surrounding hypertriglyceridemia as an independent CHD risk
factor. 

Insulin may be seen to play a multifactorial role in the regulation of postprandial lipid
metabolism. Normally, it rapidly suppresses the release of nonesterified fatty acids
(NEFA) from adipose depots, both by inhibition of hormone-sensitive lipase (HPL) and
by stimulation of re-esterification. The reduced delivery of NEFA to the liver, coupled
with the direct suppressive effect of insulin, leads to postprandial diminution of hepatic
VLDL-TG secretion. At the same time, insulin activates or stimulates the activity of
peripheral (particularly adipose tissue) LPL, aiding the removal of TG-rich lipoproteins
from the circulation. The action of LPL on TG-rich lipoproteins is coupled with the
transfer of excess surface material, including cholesterol, to HDL. These actions of
insulin all have their own characteristic time courses and dose-response relationships
(Frayn 1993, Taskinen 1995).

Among the factors believed to play a central role in causing insulin resistance, elevated
FFA levels have received considerable attention. It is unlikely that insulin resistance
precedes elevated FFA levels, as normal adipose tissue would be sensitive to the
antilipolytic effect of insulin. In insulin-resistant conditions, such as abdominal obesity,
the inhibiting effect of insulin on the mobilization of FFA from adipose tissue is impaired.
Possible mechanisms, including the reduced effect of insulin on the inhibition of
intracellular hormone-sensitive lipase and its reduced effect on the increase in the re-
esterification of fatty acids, were extensively discussed by Björntorp (1994), but the exact
mechanism remains to be solved. An enlarged but yet lipolytically active abdominal,
visceral fat depot increases the portal FFA flux and reduces hepatic insulin binding and
extraction, thereby causing systemic hyperinsulinemia (Després & Marette 1994). The
increased delivery of FFA to the liver, coupled with the impaired suppressive effect of
insulin, leads to a postprandial increase of hepatic VLDL-TG secretion. In insulin
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resistance, the elevations in TG concentrations reflect mainly the increased number of the
larger, more TG-rich VLDL particles. Decreased LPL activity leads to delayed hydrolysis
of VLDL particles, which in turn leads to an increase in VLDL remnants. 

In insulin resistance, the effects on this co-ordinated system may be qualitative as well
as quantitative, with disruption of the normal temporal relationships. The overall effect is
likely to be an impairment of the removal of TG-rich lipoproteins and hence an increase
in the residence of these lipoproteins in the plasma, with an opportunity for neutral lipid
exchange with HDL. Neutral lipid exchange between large, TG-rich VLDL and LDL may
also occur, leading ultimately to the formation of small, dense LDL particles (Frayn
1993). 

High levels of portal FFA have been suggested to enhance hepatic glucose production
through elevated gluconeogenesis, which significantly contributes to the establishment of
hyperglycaemia (Foley 1992). At the level of skeletal muscle, high FFA concentrations
can reduce insulin-stimulated glucose utilization through substrate competition (the
glucose-fatty acid cycle). Both glucose oxidation and storage have been found to be
inhibited by FFA (Felber et al. 1993). 

Insulin resistance may be compensated for by increased secretion of insulin by the
pancreas. Thus, in spite of the presence of insulin resistance, and hence, in spite of the
reduced assimilation of glucose in peripheral tissues, glucose tolerance may be perfectly
well maintained, even in insulin-resistant patients. But if other factors are involved in
addition to insulin resistance, the compensatory secretion of insulin by the pancreas may
progressively fail, triggering IGT and progression towards NIDDM. A familial
predisposition to diabetes, excess weight or ingestion of diabetogenic substances, the
morphology of skeletal muscle and disturbances in sex steroid hormones have been
proposed to be involved in the development of insulin resistance (Després & Marette
1994) 

2.2.3 Insulin resistance in hypertension

Patients with high blood pressure have been shown to be relatively glucose intolerant and
also hyperinsulinemic compared with normotensive individuals (Reaven 1988). Further, a
proportion of patients with high blood pressure are insulin-resistant in different in vivo
insulin action tests, such as the insulin-suppression test and the glucose clamp test (Shen
1988, Ferrannini 1987). 

There are several mechanisms by which insulin resistance and hyperinsulinemia may
lead to an increase in blood pressure. First, increases in plasma catecholamine
concentrations are associated with increases in plasma insulin concentrations
independently of any change in the plasma glucose concentration. Insulin stimulates the
sympathetic nervous system, and high doses of insulin increase cardiac output and heart
rate. Numerous studies indicate that feeding promotes insulin production and stimulates
sympathetic activity. Insulin causes a dose-related increase in plasma catecholamine
concentrations in humans, and this was closely related to increases in pulse rate and blood
pressure in one insulin clamp study (Rowe et al. 1981). Second, there is evidence that
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insulin promotes renal tubular sodium resorption and also water reabsorption.
Euglycemic insulin clamp studies have shown that increases in circulating insulin inhibit
natriuresis, which may lead to volume expansion and elevated blood pressure. Third,
insulin stimulates the sodium/hydrogen pump in vascular smooth muscle, resulting in
intracellular accumulation of sodium, which has been linked to the enhancement of the
pressor effect of noradrenaline and angiotensin II (DeFronzo & Ferrannini 1991). Fourth,
insulin is a vascular growth factor by interaction with either its own receptors or those of
insulin-like growth factor 1 (Stout 1990). 

Insulin resistance and compensatory hyperinsulinemia have been associated with
hypertension in a number of cross-sectional studies. However, contradictory results have
also been published, especially among racial and ethnic subgroups (Denker & Pollock
1992). Denker and Pollock (1992) performed a meta-analysis to determine the
relationship between fasting insulin levels and blood pressure in normoglycemic subjects.
They found a significant correlation between the fasting insulin concentration and both
systolic and diastolic BP, supporting the role of hyperinsulinemia in the pathogenesis of
essential hypertension. There were no statistical differences in the mean effect sizes
between systolic and diastolic BP.

The temporal sequence of the insulin-hypertension relationship has been elucidated in
prospective population-based studies. Hyperinsulinemia has been associated with an
increased incidence of hypertension independently of obesity in men (Skarfors et al.
1991, Salonen et al. 1998) and in women (Lissner et al. 1992). In other studies, however,
hyperinsulinemia has predicted hypertension only in selected population groups, such as
nondiabetic normotensive non-Hispanic whites (Shetterly et al. 1994) and lean
normoglycemic subjects (Haffner et al. 1992).

The means to reduce solely circulating insulin concentrations without any effect on the
other components of insulin resistance are lacking, resulting in difficulties to ensure the
impact of insulin on the development of elevated blood pressure.

2.3 Insulin resistance and gamma glutamyl transpeptidase

Gamma glutamyl transpeptidase (GTP) is a cell surface glycoprotein that cleaves
glutathione, glutathione conjugates and other gamma-glutamyl compounds. The most
intense expression of GTP activity is found on the surface of renal proximal tubule cells,
hepatic bile canaliculi and capillary endothelial cells within the nervous system.
Inhibition of GTP in the kidney causes glutathionuria, which results in a loss of amino
acids from the body. The presence of GTP in extrarenal tissues may prevent loss of
glutathione and its constituent amino acids from the body (Hanigan & Frierson 1996).
Estimation of GTP levels is widely used in clinical practice as a biological marker of
alcohol consumption as well as for diagnosing liver and biliary tract disease. However,
within its normal range, GTP has other, even stronger determinants than alcohol
consumption, such as BMI and total cholesterol. In the third Tromsø study, the alcohol
variables explained about 20 and 10 percent of the total variance in males and females,
respectively (Nilssen et al. 1990). Interestingly, GTP levels have been associated with all-
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cause mortality, largely due to a significant increase in deaths from ischemic heart disease
and other non-cardiovascular disease causes, i.e., non-cancer deaths, in the top quintile of
the GTP distribution (the British Regional Heart Study, Wannamethee et al. 1995). 

A positive correlation between GTP and BP has been observed in surveys of alcohol
consumption (Gyntelberg & Meyer 1974, Henningsen et al. 1980), and such a
relationship has been particularly evident in established hypertensives (Henningsen et al.
1980). However, in subjects with normal or high-normal blood pressure levels, GTP
accounted for only 4% of the BP variation (Henningsen et al. 1983).

The significant relationship between serum GTP and blood pressure in alcohol
drinkers (Yamada et al. 1989) and in abstinent obese subjects (Yamada et al. 1990)
suggests common mechanisms for the elevation of GTP and blood pressure. In a Cretan
population with low cardiovascular mortality, hypertensives had higher GTP values even
though they consumed less alcohol than normotensives (Koutis et al. 1992). The
incidence of hypertension during 5-year follow-up has been shown to be higher in
subjects with GTP levels above 50 units/l than in those with normal levels (Yamada et al.
1991). However, the significant relationship between GTP and blood pressure became
nonsignificant after adjustment for plasma insulin, whereas plasma insulin remained to
have a significant association with blood pressure (Ikai 1995). Furthermore, elevated
serum GTP levels have been shown to predict the development of NIDDM in men
independently of serum glucose, body mass index and other predictors of NIDDM (Perry
et al. 1998).

Elevated levels of liver enzymes in obese subjects have been associated with hepatic
steatosis, possibly due to excess insulin in the liver (Nomura et al. 1986, Wanless et al.
1989). Furthermore, hepatic steatosis is thought to cause hepatic insulin resistance and to
contribute to the development of systemic insulin resistance and hyperinsulinemia in
obese subjects (Kissebah 1991, Ikai et al. 1995). 

No available studies have focused on the relationship between GTP and the metabolic
syndrome in population-based cohorts. 

2.4 Carotid artery atherosclerosis determined by ultrasonography

The arterial wall consists of three anatomically distinct layers: intima, media and
adventitia, which are separated by two thin elastic layers, inner and outer, respectively.
Atherosclerosis is a disease of intima. Atherosclerotic changes in the arterial wall can be
divided into five categories (Stary et al. 1995). Stage I and II changes include intimal
thickening and formation of foam cells (i.e. macrophages with accumulation of
cholesterol), stage III preatheroma with accumulation of extracellulary lipids, stages IV
and V plaque (atheroma) formation and stage VI complicated lesions. Carotid artery
atherosclerosis is a common feature, which is developmentally and anatomically is
indistinguishable from atherosclerosis in the other arteries. In population, the main risk
factors of carotid artery atherosclerosis are the same as those of other atherosclerotic
diseases, namely high blood pressure, smoking, hypercholesterolemia and aging
(Berglund et al. 1994). 
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B-mode ultrasonography is nowadays commonly accepted as a noninvasive, safe,
inexpensive and reliable method for measuring the IMT (i.e. intimal plus medial
thickness) of large arteries located close to the skin, such as the carotid and femoral
arteries. An increase in the IMT of the carotid arteries measured by ultrasonography is
considered to reflect early atherosclerosis, although it might also reflect adaptation to
other factors, such as hypertension. Several aspects of evidence, however, suggest a true
correlation between an increase of ultrasonographic IMT and atherosclerosis. First,
several conventional cardiovascular risk factors are associated with IMT in both men and
women (Salonen & Salonen 1990, Bonithon-Kopp et al. 1991). Secondly, there is a
strong correlation between increases in carotid IMT and CHD as determined by
angiography or the disease history (Salonen & Salonen 1991, Wofford et al. 1991), and
finally, increased IMT has been shown to be successfully reduced by lipid-lowering
therapy (Mack et al. 1993, Wendelhag et al. 1995). In accordance, the progression of IMT
has been shown to be associated with age, plasma LDL cholesterol level and smoking
(Salonen & Salonen 1990).  Furthermore, the IMT values of CCA measured
ultrasonographically and microscopically show a close correlation (Pignoli et al. 1986). 

In the Cardiovascular Health Study (O’Leary et al. 1992), detectable carotid stenosis
was present in 75% of men and 62% of women, although the prevalence of ≥ 50%
stenosis was low, 7% in men and 5% in women aged ≥ 65 years. On average, IMT of
CCA increased by 0.01 mm for both men and women each year beyond age 65, and IMT
of ICA increased by 0.02 mm (O’Leary et al. 1992). In the ARIC study, similar estimates
were obtained for IMT of CCA but IMT of ICA increased by 0.01 mm/year for women
and 0.014 mm/year for men. In the carotid bifurcation, IMT increased by 0.015 mm/year
in women and 0.018 mm/year in men (Howard et al. 1993). Interestingly, in the
Cardiovascular Health Study, IMT of CCA and IMT of ICA had slightly different
predictive values for the presence of CHD and stroke. Each of the wall thickness
measures showed an increase of about 20% in the risk of CHD or stroke for a 1 SD
change independently of each other (O’Leary et al. 1992).

Studies based on carotid artery ultrasonography use both near-wall and far-wall
measurements, although the near-wall IMT may be difficult to define, due to the
echogenic structure of adventitia, which may make impossible to define the adventitia-
media interface (Wendelhag et al. 1991). This is in contrast to the far wall, where the
media-adventitia interface is usually easy to detect. Wong et al. (1993) and Wikstrand &
Wendelhag (1994) concluded that only the far-wall IMT can be accurately measured by
ultrasonography. If near-wall measurements are used, however, these measurements ought
to be presented separately.

Recently, prospective follow-up results of the relationship between IMT and the risk of
stroke and myocardial infarction have been reported (Bots et al. 1997). The mean
duration of follow-up was 2.7 years in the Rotterdam Study. The unadjusted odds ratio for
stroke per standard deviation increase (0.163 mm) of IMT was 1.41 (95% CI, 1.25 to
1.82). For myocardial infarction, an odds ratio of 1.43 (95% CI, 1.16 to 1.78) was found,
but additional adjustment for several cardiovascular risk factors attenuated the association
to a nonsignificant level. The large ARIC study yielded very similar but more consistent
hazard risk ratios of incident CHD, and the association remained significant after
adjustment for other CHD risk factors (Chambless et al. 1997). In a Finnish study
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(Salonen & Salonen 1991), for each millimeter increase of IMT, the risk of acute
coronary event rose 2.14-fold (95% CI, 1.08 to 4.26), although the mean follow-up was
about 1 year. 

2.5 Carotid atherosclerosis and hypertension

Carotid atherosclerosis has been determined by different combinations of IMT, plaque
size and number, sums of plaque sizes, stenosis and flow changes (Fine-Edelstein et al.
1994). In the Framingham Study cohort of 1116 subjects, the degree of carotid
atherosclerosis was expressed as percent stenosis. Crouse et al. (1986) summed up the
thicknesses of four near- and far-wall sites on each side to obtain a carotid artery score,
whereas Bonithon-Kopp et al. (1993) and Salonen et al. (1988) classified atherosclerosis
into three categories: no arteriosclerotic lesions, IMT, plaques with or without IMT.
Plaques have been found with varying frequencies in the range of 6.3–80.6%, depending
mainly on the age range (Fabris et al. 1994, Pujia et al. 1992). In hypertensive subjects,
the prevalence of plaques has been 43–96.4% (Prisant et al. 1993, Sutton et al. 1987,
Lusiani et al. 1990). Roman et al. (1992) found plaques to be equally prevalent in control
subjects (14%) and hypertensive patients (12%), but in another work (Roman 1991)
plaques were more frequent in hypertensive patients (28.5% versus 10%). 

The results associating high blood pressure or hypertension with carotid
atherosclerosis measured as IMT and carotid plaques have been contradictory. In several
studies, carotid atherosclerosis has been more prevalent in hypertensives than in controls
(Roman et al. 1992, Crouse et al. 1987, Tell et al. 1989, O’Leary et al. 1992, Bots et al.
1993), but contrary results have also been reported (Roman et al. 1992, Handa et al. 1990,
Poli et al. 1993, Haapanen et al. 1989). Baseline blood pressure did not have a significant
association with the progression of carotid IMT during a follow-up of 2 years (Salonen &
Salonen 1990). However,  in the Framingham Study cohort,  systolic BP was
independently related to carotid atherosclerosis in multivariate analysis. The odds ratio
for carotic stenosis for an increase of 10 mmHg in systolic BP was 1.22 (95% CI 1.10 to
1.37) in men and 1.21 (95% CI 1.12 to 1.31) in women (Fine-Edelstein et al. 1994). In
the San Daniele project, systolic BP was independently related to the plaque-stenosis
group (odds ratio for an increase of 10 mmHg in systolic BP, was 1.12 (95% CI 1.03 to
1.22)(Prati et al. 1992). Increased IMT was associated with isolated systolic hypertension
in asymptomatic elderly subjects in the Rotterdam Elderly Study (Bots et al. 1993). In
renovascular hypertensives, the prevalence of carotid artery lesions (82.6%) was
significantly higher (p < 0.01) than in primary hypertensives (42.9%). The higher
prevalence of lesions in renovascular hypertension was observed not only in patients with
atherosclerosis (100% vs 55%, p < 0.001), but also in those with fibrodysplasia (57% vs
27%, p < 0.01)(Rossi et al. 1994). The discrepancies between previous studies are most
probably due to different compositions of the study populations, small sample size and
less well established hypertension (Folsom et al. 1994). 
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Consistently, the effect of hypertension on IMT has been less powerful than the effect
of other CV risk factors, i.e., age, smoking and cholesterol (Giral et al. 1991, Handa et al.
1990). In the ACAPS study (Furberg et al. 1994), the lipid-lowering lovastatin
intervention effect in hypertensive patients was larger than in the nonhypertensive group.

2.6 Insulin and carotid atherosclerosis

There is ample evidence to suggest a direct role of insulin in the development of
atherosclerosis through stimulation of vascular smooth muscle cell proliferation and
arterial wall lipid deposition (Stout 1990). Insulin has also been implicated as an indirect
cause of atherogenesis as it promotes the development of hypertension and dyslipidemia
(Zavaroni et al. 1989, Haffner et al. 1988, Reaven 1988, Reaven 1994). Most clinical
studies have addressed the association of an increased insulin response to oral glucose in
patients with atherosclerotic vascular disease without direct measurement of
atherosclerotic lesions (Stout 1990). Five large prospective population studies (Pyörälä et
al. 1985, Casassus et al. 1992, Welborn & Wearne 1979, Després et al. 1996, Folsom et
al. 1997) have shown an association between high insulin concentrations and an increased
risk of cardiovascular disease in men and only one study in women (Folsom et al. 1997).
However, all these studies except QCS (Després et al. 1996) and ARIC (Folsom et al.
1994) lacked the measurement of the potentially confounding variable, HDL cholesterol.
QCS also used a radioimmunoassay that did not cross-react with proinsulin, which had
not been used in the previous studies. Seven recent prospective studies revealed no
association between high insulin levels and increased coronary heart disease risk, as
pointed out in a recent review (Wingard et al. 1995). Two prospective studies (Jarrett et
al. 1982, Ferrara et al. 1994) even demonstrated an inverse association between
postchallenge insulin levels and cardiovascular disease in men.

Ruige et al. (1998) performed a meta-analysis to estimate the strength of the
longitudinal relationship between hyperinsulinemia and CVD and the study
characteristics that modify this relationship. Twelve studies were eligible to provide
sufficient information to be included to the meta-analysis. Overall, the results indicated a
weak positive association between insulin levels and CVD. An increase of 7.95 mU/L (50
pmol/L) in fasting insulin resulted in a summary relative risk (RR)(95% CI) of 1.18 (1.08
to 1.29). Separate summary RRs were 1.04 (0.93 to 1.16) for studies of non-white
populations and 1.42 (1.23 to 1.65) for studies of white populations, respectively. In
addition to ethnic background, the type of insulin assay also modified the relationship.
The study using a specific insulin, proinsulin, and split product differentiating assay had
higher RR (RR 2.31, 95% CI 1.20 to 4.46) than nonspecific insulin assays (RR 1.16, 95%
CI 1.06 to 1.27). The effect of insulin itself, independently of insulin resistance, could not
be distinguished because none of the included studies measured both insulin and insulin
resistance. Interestingly, neither the number of confounding variables, the presence or
absence of control for one specific confounder or the length of follow-up period, nor sex
differences in the study populations modified the association between insulin and CVD.
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Correspondingly, ethnic background had a significant modifying effect on the relationship
between insulin sensitivity and IMT in the cross-sectional IRAS study (Howard et al.
1996).

Carotid artery atherosclerosis measured with ultrasonography (US) as intima-media
thickening has been associated with coronary artery disease (Craven et al. 1990, Howard
et al. 1990, Bots et al. 1997, Chambless et al. 1997, Salonen & Salonen 1991). IMT has
been used as a surrogate end-point of the early atherosclerotic process (Berglund et al.
1994), and it is reduced by lipid-lowering therapy (Mack et al. 1993, Furberg et al. 1994,
Salonen et al. 1995). There has also been some evidence of asymptomatic atherosclerosis
in the femoral or carotid arteries and insulin sensitivity determined by the clamp
technique in small groups of patients (Laakso et al. 1991, Agewall et al. 1995). 

Haffner et al. (1998) found correlations between fasting and 2-hour insulin and IMT in
non-Hispanic whites and Hispanics, but not in African Americans. In the ARIC study
(Folsom et al. 1994), the investigators found a positive univariate association between
BMI, WH ratio, work physical activity and diabetes in all of the four regression analyses
and fasting insulin in three of the four regression analyses with IMT. In multivariate
analyses, however, the relationship was reduced. In a Japanese study, the results were
more consistent because the sum of insulin values and the sum of insulin/sum of glucose
ratio had an independent association with the maximal CCA IMT in regression analyses
of normotensive, nondiabetic men (Fujii et al. 1997).

2.7 Heritability of the metabolic syndrome

Genetic heritability of the insulin resistance trait would serve as an indicator of insulin
resistance as the primary defect in the metabolic syndrome. In a polygenic model, the
estimated heritability of BMI was 80%, whereas the WH ratio seemed to be influenced
mainly by the environment (i.e. the Western life-style with a high fat intake and low levels
of physical activity, heritability 6%). Fasting plasma insulin had a heritability of 26% and
30 min OGTT plasma insulin 50% (Poulsen et al. 1999), showing the overall genetic
contribution to insulin resistance to be of the order of 40%. Therefore, environmental
factors predominate in the development of insulin resistance in genetically susceptible
individuals (Beck-Nielsen and The European Group for the Study of Insulin Resistance
(EGIR) (1999).



3 Purpose of the study

The purpose the present study was to assess the prevalence and the predictors of the
metabolic syndrome and the associations between the cardiovascular risk factors and the
complications related to atherosclerosis and hypertension in a random population-based
case-control sample of patients with high blood pressure and in sex- and age-matched
controls. The specific questions addressed were the following:

1. What are the prevalence and the predictors of the metabolic syndrome in a random
population-based case-control sample of patients with high blood pressure and in
sex- and age-matched controls?

2. Is there an association between the metabolic syndrome and GTP?
3. Do hypertension and blood pressure levels explain the variation of carotid atheroscle-

rosis? 
4. Does insulin contribute significantly to carotid atherosclerosis independently of the

major cardiovascular risk factors?



4 Subjects and methods

4.1 Subjects 

OPERA (Oulu Project Elucidating Risk of Atherosclerosis) is a population-based,
epidemiological case-control study addressing the risk factors and disease end-points of
atherosclerotic cardiovascular diseases. The hypertensive cohort (cases) consisted of
altogether 600 subjects (300 men and 300 women) living in the town Oulu, whose age on
September 1, 1990 was between 40 and 59 years and who, according to the register of the
Social Insurance Institution, were entitled to a special refund (higher reimbursement
class) of hypertension medication endorsed later than August 1980. The subjects were
randomly selected by the Social Insurance Institution in 1990. To ensure an adequate
recruitment of younger subjects, the randomization was age-stratified, i.e. for each year of
birth (from 1931 to 1950), 15 hypertensive men and 15 hypertensive women were
selected. For each hypertensive subject, an age- and sex-matched control subject living in
Oulu was randomly selected from the national health register (including all inhabitants),
excluding subjects entitled to a special refund for hypertension medication. Altogether,
the study population consisted of 1200 subjects. After the randomization, the criteria of
the special refund for antihypertensive medication were slightly amended in April 1994.
According to the criteria used in 1989, the Social Insurance Institution reimbursed 90% of
the costs of the drug treatment for moderate or severe hypertension. To be eligible for the
90% refund, the hypertensive patient was to have a DBP level of 105 mmHg or more
during a few months’ follow-up, unless the patient already showed signs of LVH or other
target organ damage caused by hypertension (heart failure, CHD, cerebrovascular disease,
renal insufficiency or hypertensive retinopathy) at presentation. In that case, the DBP
limit was 100 mmHg. If the patient was young (men below 50 years, women below 40
years), had a family history of CVD or sudden death at an early age, had diabetes or
severe hyperlipidemia or had a SBP above 180 mmHg (above 200 mmHg in subjects
older than 50 years), he or she was eligible for the 90% refund even when her/his DBP
level during the follow-up was 100–104 mmHg. In the case of diabetic or other
nephropathy, the lower DBP limit (95 mmHg) was sufficient to entitle to reimbursement.
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The subjects treated by non-pharmacological regimens for mild hypertension were
included in the control cohorts. This middle-aged population sample included a large
proportion of subjects with high blood pressure previously undetected and untreated.

The selected subjects were recruited by an invitation letter to participate in the the
study, and one reminder letter was sent when necessary. The letters were mailed by the
Social Insurance Institution. The first invitations were mailed at the end of 1990. 

The participating study subjects visited the research laboratory of the Department of
Internal Medicine of the University of Oulu between January 1991 and March 1993, first
the men (during 1991 and early 1992) and then the women. All the hypertensive subjects
were investigated without prior discontinuation of drug therapy. Menopausal age was 48.6
years in hypertensive women and 48.4 years in control women (p = 0.8). All the subjects
arrived at the laboratory in the morning after an overnight fast and were examined
between 8 am. and 1 pm. At this visit, anthropometric measurements (weight, height,
waist, hip), blood pressure measurements and standard ECG were performed. The
OGTTs were performed immediately after fasting blood for other tests had been drawn.
During the same visit, a standardized health questionnaire covering the past medical
history, current and former medication use, physical activity, smoking habits, alcohol
consumption and family history was administered by two specially trained study nurses.
The details of the questionnaire were checked by the physician later during the same visit.
Three trained physicians with special competence in internal medicine interviewed and
examined all the study subjects. Finally, a chest X-ray was obtained in the Department of
Diagnostic Radiology. 

All the subjects voluntereed into the study, which was approved by the Ethical
Committee of the University of Oulu.

4.2 Methods

4.2.1 Clinical methods 

The procedure for  blood pressure measurement was in agreement with the
recommendations of the American Society of Hypertension (1992). All the blood
pressure measurements were recorded with an automatic oscillometric blood pressure
recorder (Dinamap, Critikon Ltd., Ascot, UK), which has been extensively validated
(Hutton et al. 1984, Silas et al. 1980). The resting blood pressure was measured three
times at one-minute intervals on the right arm after the patient had been seated for at least
5 minutes. After the three measurements, the patient stood up, and two blood pressure
measurements at one-minute intervals were recorded with the patient standing. The mean
value of the three sitting blood pressure measurements was used in the analyses.

Height was measured to the nearest centimeter without shoes. Weight was measured to
the nearest 0.1 kg on a lever balance with the subject in light underwear without shoes.
Body mass index (BMI) was calculated as weight (in kilograms) divided by height (in
meters) squared. Waist circumference was measured to the nearest 0.5 cm with a tape
measure midway between the lower rib margin and the iliac crest in light expirium. Hip
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circumference was measured at the point yielding the maximum circumference over the
buttocks. All the measurements were performed by the same specially trained nurses.
Alcohol consumption was determined in an interview with a specially trained physician
using questions based on the method of Khavari and Farber (1978). Alcohol intake was
calculated by summing the average amount of absolute alcohol in the different beverages
and expressing the result in grams of absolute alcohol per week. Smoking history was
obtained by the questionnaire used in WHO MONICA (Rose et al. 1982) study. The life-
time smoking burden was calculated as pack-years (1 pack-year = 20 cigarettes smoked/
day in one year). Physical activity was assessed using the method described by Grimby
(1986). Women were classified as postmenopausal if at least six months had passed after
their latest menstruation and no other relevant reason for the cessation of the menstruation
cycle could be identified. A conventional 12-lead electrocardiogram was recorded and
analyzed according to the Minnesota code (Prineas et al. 1982). 

Carotid artery ultrasonography was performed on every study subject during a separate
visit 6–12 months later.

4.2.2 Carotid ultrasonography

A duplex ultrasound system with a 7.5 MHz scanning frequency in B-mode, pulsed-
Doppler mode and colour mode was used according to the same protocol by a single
trained radiologist blinded for the presence or absence of hypertension. The
ultrasonographic assessment of carotid arteries was performed while the subject was in a
supine position with his head turned away from the sonographer at an angle of 45°. Each
carotid system was imaged in anterior oblique and lateral planes, transversally and
longitudinally. The examiner consistently aimed for the clearest image of the near and far
wall of the carotid arteries. The scan head was kept perpendicular to the arterial walls,
and the transducer laterally angled to give optimal visualization. The Doppler mode was
used to identify the vessels and to evaluate flow disturbances. Each scan of the common
carotid artery began just above the clavicle and was moved cephalad past the bifurcation
and along both the internal and external branches as far distally as possible. The whole
scanning procedure was recorded on a Super-VHS videocassette recorder (Panasonic).
All measurements were performed about one year later from the video image on the
monitor of the ultrasound device using its electronic calipers.

The structures measured were intima-media thickness (IMT) and the size and number
of atheromatous plaques. IMT was defined as the distance between the media-adventitia
interface and the lumina-intima interface. IMT was measured at five locations on each
side, both on the near and the far wall, i.e. at a total of 20 sites: the internal (ICA) carotid
artery about 1 cm distal from the flow divider, the bifurcation enlargement (BIF) and
three locations of the common (CCA) carotid artery: proximal, middle and distal at about
1–1.5 cm intervals, depending on the length of the vessel, and the most cranial measuring
point was about 1 cm proximal from the bifurcation. The examiner searched for the
thickest point of IMT for measurement at each site, avoiding, however, site with
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atheromatous plaque. The IMT was measured with the instrument´s electronic calipers to
the nearest 0.1 mm. IMTs for each patient were calculated as the mean and maximal
values. 

Arterial plaque was defined as an echogenic structure encroaching into the vessel
lumen with a distinct area, resulting in IMT more than 50% greater compared to the
neighbouring sites. The numbers and locations of plaques were recorded. The size of each
plaque was measured as the maximal diameter in three perpendicular projections:
thickness, length and width.

The intra- and interobserver reproducibility of the IMT measurement was assessed in
31 randomly selected subjects (10 men of age > 57 years, 11 men < 43 years and 10
women > 57 years). The repeat measurements were performed from the videotapes 1.5
years after the examination without knowledge of the original results. Variability was
estimated by using the mean ± SD absolute difference between paired measurements. The
intrareader variability and the correlation coefficient for the mean IMT (CCA/BIF/ICA)
were 3% and 0.97 (Pearson’s coefficient) and those for the maximal IMT 9.9% and 0.94.
Correspondingly, the interreader variability and correlation were 7.2% and 0.93 (mean
mode) and 12.8% and 0.92 (maximal mode). 

4.2.3 Laboratory analyses

A wide range of routine laboratory analyses were conducted. After fasting blood had been
drawn, the subjects were given a 75-g glucose load. Both 1-hour and 2-hour glucose and
insulin concentrations were determined, except for previously known insulin-treated
diabetics. The glucose concentrations were measured with the glucose dehydrogenase
method (Diagnostica, Merck, Darmstadt, Germany). The serum insulin levels were
measured using a two-site immunoenzymometric assay (AIA-PACK IRI, Tosoh Corp.,
Tokyo, Japan). The C-peptide levels were measured using double-antibody 125I
radioimmunoassay (Diagnostic Products Corporation, Los Angeles, CA). The alanine
aminotransferase (ALAT) levels and gamma-glutamyl transpeptidase (γ-GT) were
measured with the recommended method according to the European Committee for
Clinical Laboratory Standards (kits of Boehringer Mannheim GmbH, Mannheim,
Germany, catalogue nos. 487368 and 1442546, respectively), using a BM/Hitachi 911
Automatic Analyzer (Naka Works, Hitachi Ltd., Ibaraki-Ken, Japan) and a Monarch 2000
Chemistry System, Instrumentation Laboratory Inc., Lexington, USA, respectively. The
uric acid levels were measured with the enzymatic method (Kone Instruments no.
981030, Espoo, Finland) using a Monarch 2000 Chemistry System, Instrumentation
Laboratory Inc., Lexington, USA. Very low density lipoprotein (VLDL, d < 1.006 g/ml)
was isolated by spinning plasma in a Kontron TFT 45.6 rotor at 105,000 g and 15ºC for
18 h. A half milliliter of the VLDL-free fraction was mixed with 25 µl of 2.8% (w/v)
heparin and 25 µl of 2 M manganese chloride. After centrifugation at 1000 g and 4ºC for
30 min, aliquots of the supernatant were taken for an analysis of the high-density
lipoprotein (HDL) concentration. The low-density lipoprotein (LDL) concentration was
then calculated by subtracting the cholesterol concentration in HDL from that in the
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VLDL-free fraction. The concentrations of total cholesterol and triglycerides in the
plasma and lipoprotein fractions were determined by enzymatic colorimetric methods
(kits of Boehringer Diagnostica, Mannheim GmbH, Germany, catalogue nos. 236691 and
701912), respectively, using a Kone Specific, Selective Chemistry Analyser (Kone
Instruments, Espoo, Finland).

4.2.4 Statistical analyses

The data were analysed with the Statistical Analysis System, version 6.08 (SAS Inc.,
Cary, North Carolina, USA) on a VAX computer. The data are presented as means with
SD, or SE of the mean unless otherwise stated. The Chi-square test was used to test the
differences in frequencies. Spearman’s and Pearson’s correlation coefficients were used
when estimating the correlation between variables. Analysis of variance was used in the
comparison of more than two groups, and the adjustment for confounding factors was
performed using the analysis of covariance in the general linear model or the regression
model (Armitage & Berry 1987). Appropriate precautions in executing and interpreting
the multivariate methods, including tests for interactions and for the stability of
coefficients, were observed in accordance with a review (Concato et al. 1993). When the
number of subjects in one or more classes was small, the non-parametric equivalent for
ANOVA (Kruskal-Wallis’ test) was used. If a significant difference in ANOVA was
obtained, the Bonferroni correction was applied. Since the lipid values and many other
variables are associated with each other, no further corrections for multiple comparisons
were made, to avoid overcorrection (Rothman 1990). Unpaired t-test for independent
samples was used in the comparisons of two groups. Multiple logistic regression analyses
were performed to investigate the associations of the different variables with the
metabolic syndrome. The CIA program (Gardner & Altman 1989) was used to calculate
the confidence intervals when appropriate. In all the statistical analyses, logarithmic
values for particularly skewed variables were used, including total and VLDL
triglycerides, GTP and all insulin values. p-values < 0.05 were considered statistically
significant.

To control the effect of confounding factors on dependent variables, adjustments of
two types were utilized. To adjust the mean value of a particular group, analysis of
covariance was used. Further, adjustments based on linear regression (Siervogel et al.
1980) were applied to get an adjusted value for a given variable for every subject. In that
case, the following formula was used:

Pa  = P - ab (b – B) - ac (c – C) - ad (d – D) - ...;

where Pa = individual’s adjusted value of a parameter; P = Individual’s observed value of
a parameter; ab, ac, ad, ... = sex-specific regression coefficient of a parameter on covariate
b, c, d,...; b, c, d, ... = individual’s value of covariate and B, C, D, ... = sex-specific mean
value of covariate. The whole male or female (control) population was used as a source of
regression coefficients. Due to the marked gender differences in many variables, such as
lipid and lipoprotein values, alcohol consumption and smoking status, the adjustments
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and statistical analyses throughout the present study were performed separately for men
and women, except in pooled analyses, gender being a covariate in the analysis of
covariance.



5 Results

5.1 Prevalence and predictors of the metabolic syndrome 

5.1.1 Subjects and their basic characteristics

The overall participation rate of hypertensives was 86.5% (261 men, 258 women) and that
of controls 87.7% (259 men, 267 women). The women were about one year older,
because they were examined about one year later than the men. Twenty-six men and 32
women among the control subjects were on chronic medication affecting blood pressure,
since BP-lowering medication is also commonly used for other indications apart from
hypertension (e.g. chest pain, ankle edema, essential tremor, palpitations, etc.). Further, in
a smaller portion (7 men and 14 women) of these 58 subjects, these drugs were used to
treat hypertension, although the subjects were not listed as special refund recipients at the
time of randomization, because they had been entitled to the refund after the
randomization or had failed to apply for the right to refund for some other reason. The
percentages of hypertensive subjects on medication for cardiovascular diseases were
93.9% of hypertensive men and 100% of hypertensive women. The prevalence rate was
58.6% for hypertensive men using beta-blockers, 37.2% for diuretic users, 23.8% for
calcium channel blockers and 46.4% for angiotensin-converting enzyme inhibitors. For
hypertensive women, the corresponding rates were 57%, 48.1%, 25.2% and 38%. 

Table 2 shows the basic characteristics and cardiovascular risk factors in the control
and hypertensive cohorts. Both hypertensive men and women were significantly more
obese and had higher WH ratios than their age- and sex-matched controls. The systolic
and diastolic blood pressures showed poor blood pressure control, especially in
hypertensive men, of whom 70.1% exceeded the value of 160/95 mmHg (WHO definition
for hypertension, Table 3). Both control and hypertensive men also had significantly
higher blood pressures than the respective female cohorts.
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Table 2. characteristics and cardiovascular risk factors of the hypertensive and control
cohorts

 Variable Control men Hypertensive men Control women Hypertensive women

Number of patients 259 261 267 258

Age (yrs) 50.9 (6.1) 50.5 (5.9) 51.8 (6.0) 51.8 (5.9)

Height (cm) 175.1 (6.6) 174.9 (6.2) 161.0 (5.7) 160.8 (6.0)

Weight (kg) 81.5 (12.9) 90.0 (14.8)* 67.9 (11.7) 74.3 (14.7)*

BMI (kg/m2) 26.5 (3.5) 29.4 (4.4)† 26.2 (4.4) 28.7 (5.3)†

WH ratio 0.91 (0.06) 0.95 (0.06)* 0.79 (0.06) 0.82 (0.06)*

Systolic BP (mmHg) 147.1 (19.8)‡ 160.2 (20.3)‡ 139.3 (21.1)‡ 153.8 (20.5)‡

Diastolic BP (mmHg) 89.0 (10.7)‡ 98.0 (10.0)‡ 82.4 (12.2)‡ 91.2 (11.1)‡

Heart rate (beats/min) 72 (15) 73 (14) 75 (11) 76 (13)

Total cholesterol (mmol/L) 5.78 (1.09)§ 5.77 (1.02 5.53 (1.03) 5.73 (1.07)

LDL cholesterol (mmol/L) 3.73 (0.96)§ 3.60 (0.92) 3.32 (0.92) 3.47 (0.92)

HDL cholesterol (mmol/L) 1.22 (0.30) 1.18 (0.31) 1.56 (0.38)‡ 1.43 (0.38)‡

Triglycerides (mmol/L) 1.57 (0.81)§ 1.98 (1.26)‡ 1.19 (0.68) 1.60 (1.09)*

VLDL cholesterol (mmol/L) 0.46 (0.33) 0.59 (0.46)‡ 0.31 (0.26)‡ 0.44 (0.41)*

VLDL triglycerides (mmol/L) 0.87 (0.59) 1.17 (0.90)‡ 0.56 (0.45) 0.84 (0.71)

Alcohol consumption 
(absolute g/week)

90 (100)§ 106 (126)§ 23 (36) 31 (48)

IGT/DM (%) 10.0/4.6 21.1†/16.5† 13.9/3.8 19.8/12.8†

Smoking (pack-years) 24.6 (11.0) 22.6 (11.0) 21.8 (11.1) 22.0 (10.9)

Smokers (%) 39.4‡ 28.4 27.3 22.5

fB-glucose (mmol/L) 4.58 (1.05) 5.14 (1.90)† 4.34 (0.57) 4.93 (1.82)†

2-hr glucose (mmol/L) 5.30 (2.34) 6.62 (3.41)† 5.43 (2.04) 6.69 (3.61)†

fS-insulin (mU/L) 13.2 (12.2) 17.9 (12.9)‡ 9.7 (6.2)‡ 13.8 (10.3)

2-hr insulin (mU/L) 54.3 (49.5) 86.8 (85.5)† 57.8 (49.5) 86.5 (95.0)†

ISI (mg·L2/(mmol·mU·min) 101 (81, 123) 77 (56, 100)† 103 (81, 128) 86 (59, 108)†

IRI (IR unit) 2.78 (2.97) 4.38 (4.47)† 1.92 (1.47) 3.24 (3.35)*

AUCINS (mU/L·h) 98 (62, 163) 138 (87, 215)† 89 (63, 136) 117 (75, 187)†

γ -GTP (U/L) 46.5 (57.5)§ 69.8 (110.2)‡ 27.1 (18.8) 45.8 (59.6)§*

Uric acid (µmol/L) 285 (79)‡ 338 (91)‡ 201 (64)‡ 250 (83)‡

ALAT (U/L) 32 (19) 42 (33)‡ 24 (13)* 30 (18)§

The values are mean (SD) except for ISI (Cederholm & Wibell 1990) and AUCINS, which are medians (25, 75
interquartile range); LDL, low-density lipoprotein; HDL, high-density lipoprotein; BP, blood pressure; IGT,
impaired glucose tolerance; DM, diabetes mellitus; All statistical differences are P < 0.05; *cohort vs control
cohort; †cohort vs controls in both sexes; ‡cohort vs all other cohorts; §cohort vs respective cohort of other sex.
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5.1.2 Prevalence of the metabolic syndrome

The crude prevalence rates of the characteristics of the metabolic syndrome are shown in
Table 3. By all the definitions of elevated blood pressure, control women had the lowest
prevalence rates and hypertensive men the highest prevalence rates in spite of anti-
hypertensive medication. Obesity (defined BMI > 25 kg/m2 or BMI > 30 kg/m2) was seen
in 69.4% and 26.6% , respectively, of all subjects. A high WH ratio was present in 27.7%
of all subjects. Both a high BMI and a high WH ratio were at least twice as common
among hypertensive men than control women. The same phenomenon was visible in the
fasting insulin levels. The prevalence rates of high cholesterol levels and low HDL
cholesterol levels did not differ significantly in the different cohorts. Hypertensive men
had markedly more often impaired glucose tolerance and diabetes mellitus than the
control cohorts, either men or women. High triglyceride concentration was most prevalent
in hypertensive men, among whom hypertriglyceridemia was almost 5 times more
frequent than among control women. 

Table 3. Prevalence of the characteristics of the metabolic syndrome in the hypertensive
and control cohorts

The crude prevalence rates of all the abnormalities in their isolated form, i.e. associated
with none of the other eight, were less than tenth of the overall prevalence rates. Two-by-
two associations of isolated conditions were even less prevalent (data not shown, the
prevalence rates ranging from 0% to 3.0%. Only the prevalence of the hypertension and

 Variable Control men 
(N = 259)

Hypertensive men 
(N = 261)

Control women 
(N = 267)

Hypertensive 
women (N = 258)

BMI > 25 (kg/m2) 64.5 85.1† 51.7§ 76.7‡

BMI > 30 (kg/m2) 16.6 41.0† 15.4 33.7†

WH ratio > 0.95M/0.85F 22.8 45.2* 12.4 30.2‡

Diastolic BP > 95 mmHg 30.1 65.1‡ 15.0§ 36.1‡

Diastolic BP > 100 mmHg 14.7 38.7‡ 7.9§ 18.6‡

Diastolic BP > 110 mmHg 2.7 11.1‡ 0.8 5.4‡

BP ≥ 160/95 mmHg 37.8 70.1‡ 21.4§ 45.7‡

fS-insulin (≥ 12 mU/L) 39.4 65.1‡ 24.7§ 45.4‡

Total cholesterol < 5.0 (mmol/L) 23.9 24.1 30.7 24.4

Total cholesterol 5.0-6.49 (mmol/L) 53.7 54.4 53.2 55.0

Total cholesterol 6.5 (mmol/L) 22.4 21.5 16.1 20.5

HDL cholesterol < 0.9M/1.1F (mmol/L) 13.9 13.4 11.2 17.4

Impaired glucose tolerance 10.0 21.1† 13.9 19.8

Diabetes mellitus 4.6 16.5† 3.8 12.8†

Triglycerides ≥ 2.0 (mmol/L) 20.1 35.3‡ 7.1§ 21.7‡

The values are the actual, crude prevalence rates of the cohort (in percent); BP, blood pressure; HDL, high-den-
sity lipoprotein; WH, waist-to-hip ratio; F, females; M, males; All statistical differences are P < 0.05, (χ2-test);
*cohort vs control cohort; †cohort vs controls in both sexes; ‡cohort vs control and respective cohort of other sex;
§cohort vs control men.
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obesity association as an isolated form reached up to 7.1%) and in each case less frequent
than was to be expected by chance. As a consequence, almost all of the metabolic
abnormalities occurred in combination with the others. However, control women had
more often pure isolated conditions than the hypertensive cohorts, especially obesity,
hyperinsulinaemia and hypercholesterolemia. If the lower limit for obesity was set at
BMI > 30 kg/m2, only 17.5% of all the study subjects were free of all the nine disorders.
The most marked difference was seen between the hypertensive men and the control
women, the latter of whom were 8 times more often free of all the nine disorders
(p < 0.0001). 

The crude prevalence rates of the metabolic syndrome by different definitions in the
hypertensive and control cohorts are shown in Table 4. The prevalence rates of the
metabolic syndrome by the different definitions ranged from 0.8% to 35.3%. The most
prevalent combination was hypertension and hypertriglyceridemia, which was seen in up
to 35.3% of hypertensive men versus 2.6% of control women (p < 0.0001). The WHO
criteria for the metabolic syndrome (Alberti & Zimmet 1998) without measures of
obesity yielded prevalence rates of 5.2% for control women, 14.7% for control men,
26.4% for hypertensive women and 28.7% for hypertensive men. The characteristic
feature was the tendency towards high prevalence rates among hypertensive men
compared to the lowest prevalence rates among control women. Smoking did not have a
significant relationship with the prevalence of the metabolic syndrome, although
hypertensive women showed a nearly significant trend towards a higher prevalence rate of
the metabolic syndrome in smokers (14% vs 25.9%, p = 0.052, respectively). The
prevalence of the metabolic syndrome did not vary with menopause in control and
hypertensive women.

Table 4. Prevalence of the metabolic syndrome by different definitions in the hypertensive
and control cohorts

 Variable Control men 
(N = 259)

Hypertensive 
men (N = 261)

Control women 
(N = 267)

Hypertensive 
women (N = 258)

BP + TRIG 10.0 35.3‡ 2.6§ 21.7‡

BP + INS +TRIG 6.9 26.8‡ 1.9§ 16.7‡

BP + INS + TRIG + HDL 1.9 8.1† 0.8 8.5†

BP + IGT/DM + TRIG 2.3 16.9† 1.9 12.4†

INS + TRIG + HDL 4.6 8.1 2.3 8.5*

INS + HDL 8.1 10.3 5.6 12.4*

INS + TRIG 13.5 26.8‡ 4.5§ 16.7‡

TRIG + HDL 6.2 10.0 3.4 9.7*

TRIG + IGT/DM + INS 3.9 12.3† 3.4 9.3†

TRIG + IGT/DM + INS (mean + SD) 0.8 3.8‡ 2.6 8.5‡

BP+IGT/DM+INS+HDL+TRIG (WHO) 14.7 28.7† 5.2§ 26.4†

The values are the actual, crude prevalence rates of the cohort (in percent); BP, blood pressure ≥ 160/95 mmHg;
No BP limits for hypertensives; INS, fS-insulin ≥ 12 mU/L; TRIG, triglycerides ≥ 2.0 mmol/L; HDL, high-den-
sity lipoprotein, men < 0.9 mmol/L, women < 1.1 mmol/L; IGT/DM, impaired glucose tolerance + diabetes mel-
litus; All statistical differences are P < 0.05, (χ2-test); *cohort vs control cohort; †cohort vs controls in both sexes;
‡cohort vs control and respective cohort of other sex; §cohort vs control men. WHO (Alberti & Zimmet 1998)
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5.1.3 Predictors of the metabolic syndrome 

Multiple logistic regression analyses were performed to determine the independent
predictors of the metabolic syndrome after adjustment for age, obesity and gender (Table
5). Because HDL cholesterol correlated inversely with triglycerides in the regression
analyses, inducing a colinearity effect (odds ratio 0.03), it was excluded from the final
analysis. Furthermore, low HDL cholesterol levels are included in the concept of MS. Of
all the measures of obesity used in the analyses (BMI, waist circumference and WH
ratio), waist circumference was the most powerful predictor of the metabolic syndrome in
the different groups. 

Table 5. Multiple logistic models for independent variables of the metabolic syndrome
adjusted for age, measure of obesity in each model and sex in all study subjects (n= 1045)

To evaluate the attributable risk caused by the metabolic syndrome, we used the
probability function based on the Framingham data (Wilson et al. 1987). The average
calculated relative risk for coronary heart disease over the next six years was 1.6 for
males (36% risk of CHD in six years) and 3.0 for females (3% risk of CHD in six years)
with the metabolic syndrome. The risk of CHD in six years for a healthy male aged 50
with a total cholesterol of 5 mmol/L, HDL cholesterol of 1.22 mmol/L (mean value for
control men), systolic blood pressure of 140 mm Hg and no other abnormalities is 3.9%,
and that for a corresponding female 0.4% (HDL cholesterol 1.56 mmol/L, mean for
control women). 

Model 1 Model 2 Model 3

Independent 
Variable

Odds Ratio 
(with a 95% 
confidence 

interval)

Independent 
Variable

Odds Ratio 
(with a 95% 
Confidence 

interval)

Independent 
variable

Odds Ratio 
(with a 95% con-
fidence interval)

Waist (cm) 1.05     
(1.01–1.09)

BMI (kg/m2 ) 1.18     
(1.13–1.23)

WH ratio 1.08     
(1.03–1.12)

Uric acid (µmol/L) 1.004   
(1.002–1.007) 

Uric acid (µmol/
L)

1.006   
(1.003–1.008)   

Uric acid (µmol/L) 1.006   
(1.003–1.008)   

Total cholesterol 
(mmol/L)

1.36     
(1.14–1.63)

Total cholesterol 
(mmol/L)

1.44     
(1.19–1.72)

Total cholesterol 
(mmol/L)

1.39     
(1.17–1.66)

γ-GTP (U/L)* 6.96     
(3.81–12.75)

γ-GTP (U/L)* 4.96     
(2.64–9.33)

S-ALAT (U/L)* 1.01     
(1.005–1.02)

Metabolic syndrome defined as blood pressure ≥ 160/95 mmHg and fS-insulin ≥ 12 mU/L and fasting plasma
triglycerides ≥ 2.0 mmol/L
*γ-GTP was log10 transformed before analysis due to skewed distribution.
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5.2 GTP and the metabolic syndrome

GTP levels differed significantly (p < 0.01) between the study groups, except between
control men and hypertensive women. GTP correlated significantly with BMI in all the
study groups (the coefficient varied from 0.21 to 0.33, Fig. 1, left panel), with ALAT (the
coefficient varied from 0.43 to 0.62) and with triglycerides (the coefficient varied from
0.24 to 0.39, Fig. 1, right panel, p < 0.0001)(Table 6).

Fig. 1. Correlations between gamma-GTP and BMI amongst the control men (left panel) and
between gamma-GTP and plasma triglycerides amongst the hypertensive women (right panel).

Table 6. Pearson’s correlation coefficients between gamma GTP and cardiovascular risk
factors in control and hypertensive men and women

 Variable Control 
Men

Hypertensive 
Men

Control 
Women 

Hypertensive 
Women

BMI 0.33* 0.21* 0.31* 0.23*

Systolic blood pressure (mmHg) 0.25* 0.09 0.14* 0.01

Alcohol consumption (g/week) 0.40* 0.39* 0.08 0.33*

Triglycerides (mmol/L) 0.36* 0.24* 0.35* 0.39*

Uric acid (µmol/L) 0.33* 0.22* 0.41* 0.52*

Fasting insulin (mU/L) 0.24* 0.29* 0.28* 0.32*

2-hr insulin (mU/L) 0.20* 0.24* 0.26* 0.28*

ISI (mg·L2/(mmol·mU·min))† -0.28* -0.35* -0.27* -0.40*

IRI (IR unit) ‡ 0.24* 0.23* 0.30* 0.28*

*P < 0.05; †ISI, insulin sensitivity index (Cederholm & Wibell 1990); ‡IRI, insulin resistance index (Matthews et
al. 1985)
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The mean fasting blood glucose and insulin values as well as the glucose and the insulin
values at 2 hours after a 75 g glucose load in the different GTP tertiles adjusted for age,
body mass index and alcohol usage are shown in Fig. 2. All insulin measures had a
significant positive association with increasing GTP tertiles in all the study groups, except
fasting insulin in control men.

Fig. 2. Fasting and 2-hour glucose and insulin levels in the oral glucose tolerance test in gamma-
GTP tertiles adjusted for age, BMI and alcohol consumption in the study groups. The tertile
cut-off values were 19 U/L and 26 U/L in control women, 22 U/L and 38 U/L in hypertensive
women, 27 U/L and 43 U/L in control men, and 33 U/L and 55 U/L in hypertensive men. 

WH ratio, total triglycerides and LDL cholesterol, but not HDL cholesterol, showed
significantly higher mean values with increasing GTP tertiles in the different study
cohorts. Drug-treated hypertensive patients showed no significant association between
blood pressure and GTP. In controls, these differences disappeared when blood pressure
was adjusted for age, BMI and alcohol consumption. However, in control females after
simultaneous adjustments, standing systolic blood pressure differed significantly
(p < 0.05) in the middle tertile of GTP and the highest GTP tertile (130.9 ± 2.4 mm Hg
versus 138.1 ± 2.6 mm Hg). In control men, the standing diastolic blood pressure also
remained statistically higher in the highest GTP tertile than in the lowest GTP tertile
(92.5 ± 1.2 mm Hg versus 88.8 ± 1.3 mm Hg; p < 0.05).

In multiple logistic regression analyses, GTP remained as an independent predictor of
MS (logGTP odds ratio 4.0, 95% confidence interval 2.80–5.69) even after adjustment for
age, BMI and gender. Logistic analyses using WHO criteria for the metabolic syndrome
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gave similar results (logGTP odds ratio 4.4, 95% confidence interval 3.15–6.17). The
addition of alcohol consumption and the indicator variable of diabetes mellitus and
hypertension to the logistic models did not affect the result. When separate logistic
analyses were performed in the different study cohorts, GTP only remained an
independent predictor of the metabolic syndrome in hypertensive women (logGTP odds
ratio 5.9, 95% confidence interval 3.12–11.13). In the other study groups and also in the
control cohorts combined, the effect of BMI reduced the contribution of GTP to a
nonsignificant level in stepwise logistic analyses. In the hypertensive groups combined,
GTP remained as an independent predictor of the metabolic syndrome (logGTP odds
ratio 3.6, 95% confidence interval 2.53–5.13). 

To determine further whether an independent association between insulin and GTP
existed in the different study cohorts, multiple regression analyses (Table 7) were
performed with fasting or 2-hour insulin as the dependent variable and BMI,
triglycerides, alcohol consumption, age, sitting systolic blood pressure and GTP as the
independent variables. BMI and triglycerides were the most powerful independent
predictors of insulin in all analyses and highly consistent in all the study groups. When
GTP was used as the only independent variable in regression analyses, GTP explained
6–10.0% of the variation in fasting serum insulin in the study groups. After adjustment
for the other independent variables, the relationship was reduced significantly in all the
study groups (R2 ≤ 2.0%) and disappeared in control men (Table 7). The strongest
interaction was seen between GTP and BMI in all groups and additionally between GTP
and triglycerides in hypertensive women. 

Table 7. Multiple stepwise regression analyses for independent variables of fasting serum
insulin adjusted for body mass index , triglycerides, age, alcohol consumption and
systolic blood pressure in control and hypertensive men and women

The association between GTP and fasting serum insulin adjusted for age and BMI was
further analyzed in teetotallers and alcohol consumers. A significant positive correlation
between GTP and insulin was found in both the alcohol-consuming hypertensive study
groups (r = 0.17 in hypertensive men, r = 0.24 in hypertensive women, p < 0.05) and
teetotallers (r = 0.36 in hypertensive men, r = 0.34 in hypertensive women, p < 0.05). In
the control groups these correlations were not significant (in control men r = 0.29,
p = 0.08, in control women r = 0.15, p = 0.26).

 Variable Control men 
(N = 259)

Hypertensive men 
(N = 261)

Control women 
(N = 267)

Hypertensive 
women (N = 258)

Body mass index 22.2* 26.1* 23.7* 37.9*

Triglycerides 3.6* 4.5* 4.2* 6.0*

Age < 1 1.6* < 1 < 1

Systolic blood pressure < 1 < 1 < 1 < 1

Alcohol consumption < 1 < 1 < 1 < 1

γ-GTP < 1 2.0* 1.1* 1.1*

Model R2 (%) 26.8 34.5 29.7 45.6

All the values are multiple correlation coefficients (R2), which represent the percentage of variance explained by
the independent variable (risk factor). *P < 0.05.
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Part of serum GTP originates from the endothelial cells of the vascular system
(Hanigan & Frierson 1996), and the levels of circulating GTP may therefore reflect
endothelial cell damage, as studies on vWf have suggested (Blann & McCollum 1994).
To estimate the possible relationship between GTP and vWf, a random sample of 10%
was chosen within each study group. The data on 27 control men (mean vWf 75.8%, SD
32.4%), 27 hypertensive men (vWf 104.7%, SD 41.1%), 26 control women (vWf 67.4%,
SD 41.0%) and 27 hypertensive women (vWf 104.8%, SD 42.4%) differed significantly
between the hypertensive and control groups. GTP tended to show an inverse correlation
with vWf in hypertensive men (r = -0.21, p = 0.27), but the correlations in the other study
groups were even weaker.

5.3 Hypertension and carotid atherosclerosis 

Men had significantly thicker mean IMT at all locations than women (in the middle CCA
0.86 mm (SD 0.19), in BIF 0.98 mm (SD 0.24), in ICA 0.84 mm (SD 0.20) in men, 0.76
mm (SD 0.10), 0.90 mm (SD 0.16) and 0.73 mm (SD 0.12) in women, respectively).
There was a significant difference between the hypertensive and control men in the
maximal combined IMT (atheromatous plaque IMT) of the ICA/BIF/CCA (p = 0.007),
ICA (p = 0.002) and the mean combined IMT of ICA (p = 0.005). There was a significant
age correlation in both sexes, although the IMT of the far wall correlated better with age
(the mean Pearson’s r in CCA/BIF/ICA locations was 0.25) than that of the near wall
(Pearson’s r = 0.18). The IMT of the carotid bifurcation was about 0.15 mm greater than
that of the CCA or ICA, and that of the distal CCA was greater than that of the proximal
CCA. The IMT of the CCA far wall was thicker than that of the near wall. No such
differences were observed in the BIF and ICA areas.

The maximal IMT values and mean and maximal CombIMT values are presented in
Table 8. The maximal CombIMT (ICA/BIF/CCA) in the hypertensive and control men
and women by age is shown in Fig. 3, the curves being determined by the moving mean
technique. There was a significant difference between the hypertensive and control
subjects in the maximal CombIMT of the ICA/BIF/CCA (p = 0.007), the maximal
CombIMT of the ICA (p = 0.002) and the mean CombIMT of the ICA (p = 0.005), but
not in the maximal CombIMT of the CCA (p = 0.069) or BIF (p = 0.645) or in the mean
CombIMT of the BIF (p = 0.640), CCA (p = 0.403) or ICA/BIF/CCA (p = 0.129). These
results were caused by the differences in men, however, as there were no statistically
significant differences between the groups of hypertensive and control women. The
maximal CombIMT values for control men and men with a short ( < 7 years) and long
duration of hypertension (≥ 7 years) are shown in Fig. 4. 
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Fig. 3. Moving mean curves showing maximal intima-media and plaque thickness at the
internal/common carotid/bifurcation (CombIMT) in hypertensive and control men and women
(1, control women; 2, women with hypertension; 3, control men; 4, men with hypertension.

Fig. 4. Maximal intima-media and plaque thickness in control men (1) and in men with
hypertension of duration < 7 years (2) and ≥ 7 years (3).
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Table 8. Maximal intima-media thicknesses (mm) and mean and maximal combined
IMT+ plaque thicknesses (CombIMT) in the common carotid artery (CCA),bifurcation
(BIF) and internal carotid artery (ICA) in hypertensive and control men and women.

The maximal IMTs of ICA/BIF/CCA in the controls were calculated and 90-percentile
cut-off points of 1.4 mm for women and 2.0 mm for men were used to calculate the rates
of abnormality in maximal CombIMTs. 52.5% of men and 41.2% of women (p = 0.001)
had a maximal CombIMT of the ICA/BIF/CCA thicker than the 90-percentile cut-off
point. The rates of maximal ComIMT thicker than the cut-off values were 41.9% in the
controls, 49.4% in the subjects with a short duration of hypertension ( < 7 years) and
54.9% in those with a long duration (≥ 7 years). The corresponding percentages for the
following variables were: 52.2% in smokers vs. 41.3% in non-smokers (p = 0.001).
53.2% (high cholesterol, ≥ 6 mmol/l), 43.0% (normal cholesterol) (p = 0.002), 54.4%
(SBP ≥ 150), 39.9% (SBP < 150) (p = 0.001), 50.3% (DBP ≥ 90), 43.1% (DBP < 90)
(p = 0.021), 69.8% (coronary disease), 43.9% (no coronary disease) (p = 0.001), 50.5%
(BMI > 25), 38.6% (BMI ≤ 25) (p = 0.001), 44.0% (normal glucose test), 48.8% (slightly
abnormal glucose test), 66.0% (diabetic glucose test) (p = 0.001), 55.9% (no alcohol
usage), 42.0% (lowest third of alcohol users, alcohol 1–17 g/week, mean 6.4), 39.4%
(middle third, 18–74 g/week, mean 39.6) and 53.3% (highest third of alcohol users,
75–732 g/week, mean 169.8) (p = 0.001).

63.0% of the plaques affected the internal carotid arteries, while 30.3% were located at
the bifurcations below the flow divider, 2.3% in the CCAs and 4.4% in the external
carotid arteries. Plaques were seen more frequently in men (56.4%) than in women
(35.0%) (p < 0.001). 62.8% of hypertensive men had plaques, compared to 49.8% of
control men (p = 0.003), whereas the corresponding percentages for hypertensive and
control women were 38.0% and 32.1% (p = 0.154). The proportions of hypertensive and
control men and women with plaques with increasing age are shown in Fig. 5. 40.1% of
controls had plaques, as did 48.5% of the subjects with hypertension of short duration

Location Control men Hypertensive men Control women Hypertensive women

Maximal IMT

CCA 1.15 (0.36) 1.20 (0.46) 0.94 (0.25) 0.98 (0.24)

BIF 1.24 (0.40) 1.21 (0.39) 1.06 (0.22) 1.09 (0.31)

ICA 1.07 (0.33) 1.09 (0.39) 0.89 (0.28) 0.90 (0.31)

Mean CombIMT

CCA 0.98 (0.23) 0.99 (0.25) 0.84 (0.13) 0.85 (0.13)

BIF 1.18 (0.50) 1.14 (0.44) 0.97 (0.26) 0.98 (0.28)

ICA 1.13 (0.59) 1.27 (0.63)* 0.88 (0.36) 0.93 (0.40)

Maximal CombIMT

CCA 1.18 (0.43) 1.23 (0.53) 0.95 (0.27) 0.98 (0.24) 

BIF 1.65 (0.93) 1.65 (0.89) 1.28 (0.66) 1.32 (0.65)

ICA 1.63 (0.96) 1.90 (1.00)* 1.27 (0.80) 1.36 (0.88)

CCA/BIF/ICA* 1.97 (0.97) 2.18 (0.97)* 1.52 (0.79) 1.62 (0.83)

The values are means (SD); *P < 0.05, cohort vs. control cohort.
*the single thickest CombIMT among the three sites
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( < 7 years) and 54.4% of those with long-term hypertension (≥ 7 years). The total
number of plaques divided by the number of subjects in the group was 1.05 in the
controls, 1.20 in those with a short duration of hypertension and 1.51 in those with a long
duration (Fig. 6.). The mean number of plaques among the subjects with plaques was 2.6
in the controls, 2.7 in the cases with a short duration of hypertension and 2.8 in the cases
with a long duration. Correspondingly, the mean maximal thickness/length/width of
plaques were 2.6/6.2/5.1 mm, 2.6/6.2/5.0 mm and 2.7/6.4/5.2 mm, respectively.

Fig. 5. Moving mean curves showing the proportions of subjects with plaques (1, control
women; 2, women with hypertension; 3, control men; 4, men with hypertension).

Fig. 6. Moving mean curves showing the total number of plaques divided by the number of
subjects in the group (1, control men; 2, men with hypertension of duration < 7 years; 3, men
with hypertension of duration ≥ 7 years).
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Multivariate analysis shows that hypertension is of etiological significance (p = 0.011)
with respect to maximal CombIMT, but only in males and only on account of changes in
the ICA, particularly in the near wall (p = 0.001). Hypertension was of no etiological
significance for BIF or CCA. When hypertension was replaced by SBP and DBP (systolic
and diastolic blood pressure) in the multivariate analysis, the F-ratios and p-values were:
F-ratio 17.034, p = 0.000 for SBP and F-ratio 8.161 and p = 0.004 for DBP. The use of
both hypertension and SBP and DBP gave the following results: F-ratio 5.168, p = 0.023
for hypertension, F-ratio 15.506 and p = 0.000 for SBP and F-ratio 9.145 and p = 0.003
for DBP.The medication received, e.g. angiotensin converting enzyme inhibitors or
calcium channel blockers, and postmenopausal state in the women were of no
significance when inserted into the multivariate analysis.

5.4 Hyperinsulinemia and carotid atherosclerosis 

Data on parameters of fasting insulin and insulin response in the OGTT and carotid artery
ultrasonography were available for 518 control and 513 hypertensive subjcts. Various
parameters and calculated variables of fasting insulin and insulin response in the OGTT
are shown in Table 2. The maximal IMT values and the mean and far-wall IMT and
CPIMT values were presented above in 5.3.

Several parameters of fasting insulin and insulinemic response in the oral glucose
tolerance test, namely the fasting, serum 1-hour and 2-hour insulin concentrations, ISI
(Cederholm & Wibell 1990), IRI (Matthews et al. 1985) and the area under curve
(trapezoidal method), were statistically tested with IMT. The most powerful and most
consistent predictor of IMT among the different insulin parameters in stepwise regression
analyses was the 2-hour post-load insulin, which was used in the following analyses alone
without any other insulin parameters in order to prevent multicollinearity. In the control
groups 2-hour insulin had a weak non-significant positive correlation with IMT, but in the
hypertensive groups it had a weak non-significant negative correlation with IMT. 

To determine whether an independent association between IMT and the different
insulinemic measures existed, multiple forward and backward stepwise regression
analyses (Table 9) were performed with different IMT parameters as the dependent
variables and age, pack-years of smoking, LDL cholesterol, systolic BP and 2-hour
insulin (data on serum 1-hour and 2-hour insulin concentrations, ISI, IRI and insulinemic
area under curve not shown) as the independent variables. The independent variables
were selected on the basis of predictive power and consistency in the different groups.
Age was the most powerful independent predictor of IMT in all analyses and most
consistently in the study groups (R2 between 0.07–0.13). LDL cholesterol was the most
powerful predictor of IMT only in control men. 2-hour insulin only remained significant
in hypertensive women after adjustment for the effect of age (data not shown). The mean
values of the different IMT measures were not significantly different between the
quintiles of 2-hour insulin, but most of them showed a negative trend with increases in
insulin (data not shown). 
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Table 9. Multiple stepwise regression analyses of the mean intima-media thickness with
risk factors in control and hypertensive men and women

To improve the power to detect the possible significant relationship between ISI, IRI,
insulin/glucose ratio, fasting insulin, 1-hour insulin, 2-hour insulin and area under curve
and mean IMT, a pooled analysis of 1005 subjects was performed after adjustment for the
effects of gender, age, systolic blood pressure, BMI and LDL cholesterol. Stepwise
regression analysis showed the independent predictors of the mean IMT to be LDL
cholesterol, systolic blood pressure, pack-years of smoking and age (p < 0.0001). The
most powerful variable of insulin measures was 2-hour insulin, which did not reach
statistical significance (p = 0.14). The 2-hour insulin explained only 0.2% of the variance
of the mean IMT after adjustment for the independent predictors. The exclusion of
diabetic subjects did not change the results. The indicator variables of case or control
status and the presence or absence of diabetes were introduced into the regression models.
In a pooled analysis, the effect of the indicator variables and their interaction were not
significant.

 Variable Control men 
(N = 259)

Hypertensive men 
(N = 261)

Control women 
(N = 267)

Hypertensive 
women (N = 258)

Age 0.06* 0.09* 0.07* 0.10*

Pack-years of smoking 0.02* 0.05* 0.02* < .01

LDL cholesterol 0.13* < .03 0.03* 0.03*

Systolic blood pressure 0.03* 0.04* 0.06* 0.07*

2-h insulin < .01 0.01 < .01 < .01

Model R2 (%) 24 22 18 20

All the values are multiple correlation coefficients (R2), which represent the percentage of variance explained by
the independent variable (risk factor) after adjustment for age, body mass index, low density lipoprotein (LDL)
cholesterol and systolic blood pressure. *P < 0.05.



6 Discussion

6.1 Study population

At the time of the study sample selection, on December 31, 1990, 7539 subjects (3132
men and 4407 women) in the city of Oulu were entitled to a special refund of
antihypertensive medication. Of these, 443 subjects (268 men and 175 women) were aged
40–44 years, 601 (333men and 268 women) 45–49 years, 757 (400 men and 357 women)
50–54 years and 952 (476 men and 476 women) 55–59 years, totalling 2753 subjects. At
that time, 403 000 subjects of the total population had this benefit in the whole country.
The control cohort of the present study does not represent the “hypertension-free” part of
the population, mostly due to the reimbursement criteria of the Social Insurance
Institution. Subjects suffering from mild (diastolic blood pressure below 105 mmHg and
systolic below 180 mmHg), uncomplicated hypertension are not entitled to a special
refund (instead they receive a basic refund), and they are therefore included in the present
control population. Further, 7 men and 14 women in the control cohort were on
antihypertensive medication. Throughout the study, these subjects were considered part of
the control cohort. All these factors may dilute the potential differences between the
control and hypertensive study groups and make it more difficult to draw conclusions
from the differences between hypertensives and ”normotensives”, particularly because
more than one third of subjects in the male and one fourth of the female control cohort
had hypertensive blood pressure values.

The control cohort was randomly selected from the part of the middle-aged population
not entitled to a special refund for antihypertensive medication. It is estimated that no
more than 10% of the Finnish middle-aged population have this benefit. In spite of this, it
is not unlikely that the control cohort would represent the general middle-aged population
as a whole, particularly as the participation rate was excellent. Accordingly, the main
characteristics of the control cohorts are comparable to those previously reported for the
Finnish population (Vartiainen et al. 1994). 
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The high participation rate and the results which agree with the previous studies
suggest that there is no selection bias in the study cohorts and that our conclusions are
relevant to the population at large. It should be emphasized that the study subjects were
not selected high-risk individuals, but subjects from a random population-based cohort
and randomly recruited hypertensive cohort.

6.2 Prevalence and predictors of the metabolic syndrome 

6.2.1 Definition of the metabolic syndrome

The basic observation was that resistance to insulin-stimulated glucose uptake of a similar
degree of severity exists in patients with impaired glucose tolerance or NIDDM,
regardless of the magnitude of hyperglycemia, and in at least 25% of the normal
population (Hollenbeck & Reaven 1987). However, the study population comprised 100
individuals and insulin resistance was determined by a clamp technique and OGTT. 

The essential metabolic disturbances proposed by Reaven (1988) are low insulin-
mediated glucose uptake (insulin resistance), hyperinsulinaemia, impaired glucose
tolerance, increased concentration of VLDL triglycerides, decreased concentration of
HDL cholesterol and hypertension. Reaven did not suggest cut-off points for the
continuous variables of MS. 

No definition of the metabolic syndrome has been established in the recent literature
(Table 1), because several difficulties are encountered at the population level. First, a
reasonable cut-off point for the continuous variables has been suggested to be based on
their ability either to act as a marker for an existing metabolic abnormality or to predict a
substantial excess risk of subsequent disease, such as CVD. Thus, any cut-off point for
high triglycerides, low HDL cholesterol or high insulin levels is more or less arbitrary.
Second, there are marked sex differences at least with respect to HDL cholesterol and
total triglycerides, especially before menopause. Third, the determination of triglycerides,
HDL cholesterol and insulin levels is known to differ between different laboratories,
which all makes it difficult to compare results from different populations (Laakso et al.
1993). Fourth, no consensus concerning the components included in the definition of MS
has been achieved. 

Widely accepted cut-off points have been formulated for hypertension and IGT/
NIDDM by WHO criteria (See I, Table 1). No such consensus has been achieved in
relation to the other components of MS. For unadjusted triglyceride values, a 1 mmol/L
increase is associated with a 32% increase in the CVD risk in men and a 76% increase in
the CVD risk in women in a meta-analysis by Austin et al. (1998). Levels exceeding 1.7
mmol/L of triglycerides have been suggested for the cut-off point because of an increased
risk for CVD (Alberti & Zimmet 1998). For HDL, the corresponding levels have been
shown to be 0.9 mmol/l for men and 1.16 mmol/l for women (Wilson et al. 1988). For
BMI, the corresponding levels have been shown to be 30 kg/m2. For the WH ratio, values
exceeding 0.90 in men and 0.85 in women, have been shown to increase the CHD
incidence (Alberti & Zimmet 1998). The cut-off points for hyperinsulinemia vary within
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11.0 – 20 mU/L in different studies, being mostly 11.0–15.3 mU/L (Table1). Rett et al.
(1992) formulated markers by counting the components of MS. Uric acid ( > 380 nmol/L)
and gamma-glutamyl transpeptidase ( > 70 U/L) were the new markers included.
Fibrinolytic variables, particularly PAI-1 levels, have been shown to correlate with insulin
values (Juhan-Vague et al. 1993).

Taskinen (Taskinen 1993) proposed that the diagnosis of any one of the multiple
abnormalities should suffice to screen for the other components. Since the MS is highly
prevalent, the screening should be targeted to groups at high risk, such as hypertensive
patients, NIDDM patients, overweight subjects with abdominal obesity, and first-degree
relatives of NIDDM patients, lean hypertensive patients and patients with primary
hypertriglyceridemia. Taskinen concludes that it seems to be prudent to diagnose the MS
if three or more of the biochemical measures and other markers are present, including
blood pressure, body weight and height, fat distribution, cholesterol, HDL cholesterol,
triglycerides, glucose and uric acid. This is supported by Vanhala (1996), who pointed out
that MS definitely includes dyslipidemia (hypertriglyceridemia ≥ 1.70 mmol/L and/or low
HDL cholesterol < 1.00 mmol/L in men and < 1.20 mmol/L in women) and insulin
resistance (IGT/NIDDM and/or hyperinsulinemia as fasting plasma insulin ≥ 13.0 mU/L).

So far, the most frequently proposed metabolic abnormalities for MS are: low HDL
cholesterol, hypertriglyceridemia, glucose abnormalities, elevated uric acid levels, high
gamma GTP, high PAI-1, hyperinsulinemia in addition to blood pressure, body weight
and height, fat distribution and family history of NIDDM. The diagnosis of MS requires
screening for each abnormality if one component has been verified.

Recently, the proposition for the definition of MS by the WHO expert committee has
been applied (Alberti & Zimmet for the WHO Consultation 1998, Beck-Nielsen and The
European Group for the study of Insulin Resistance 1999, Hedblad et al. 2000). The
expert committee decided to define insulin resistance as insulin sensitivity under
hyperinsulinemic euglycaemic clamp conditions below the lowest quartile for the
population under investigation. This definition was chosen empirically, but the lowest
quartile of insulin sensitivity in normal individuals matches the degree of insulin
resistance in patients with type 2 diabetes (Reaven & Hollenbeck 1987). The committee
proposed that the metabolic syndrome should be diagnosed in patients who have glucose
intolerance (2-hour OGTT plasma glucose level > 7.8 mmol/L) and/or insulin resistance
(insulin sensitivity below the lowest quartile for the population) together with two other
components of the syndrome (WH ratio female > 0.85, WH ratio male > 0.90, BMI > 30
kg/m2, blood pressure ≥ 160/90 mmHg, triglycerides ≥ 1.70 mmol/L, HDL cholesterol
female ≤ 1.0 mmol/L, male ≤ 0.9 mmol/L) (Alberti & Zimmet for the WHO Consultation
1998).

6.2.2 Prevalence of the metabolic syndrome

Hansen (1993) estimated the global prevalence of MS to be about 35% based on the
approximated prevalence of abnormal glucose metabolism, obesity and insulin resistance.
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In the present study corresponding prevalences could be achieved by applying
triglycerides ≥  2.0 mmol/L in both the control and hypertensive cohorts. Vanhala (1996)
found similar prevalences only in the hypertensive samples (34% of hypertensive men
and 25% of hypertensive women) and Laakso et al. (1993) in NIDDM subjects. These
results are in good accordance with the findings of Lind et al. (1995) on untreated
hypertensive subjects. It should be noted that insulin resistance was determined by the
clamp technique. However, Zavaroni et al. (1992) found 41% of the patients with high
blood pressure to be hyperinsulinemic, irrespective of whether or not they were receiving
antihypertensive medication. 

In non-hypertensive samples the prevalences of MS have been markedly lower. As
proposed by Hollenbeck and Reaven (1987), we used as the cut-off point for low ISI
(Cederholm & Wibell 1990) the mean ISI of the subjects with IGT (63.7) and as the cut-
off point for high serum insulin the upmost decile of the insulin concentration 2 h after
OGTT in the control cohorts. The prevalences of low insulin sensitivity plus high serum
insulin were 11.6% and 9.4% among control men and women, respectively, and 28.4%
and 18.2% among hypertensive men and women, respectively. Lindahl et al. (1993) found
the prevalence of low insulin sensitivity plus high fasting serum insulin to be 17% among
men and 18% among women in a middle-aged population in the north of Sweden. When
we used the same definition as Eriksson et al. (1992), the magnitude of the prevalence
was quite similar (3.8 vs 5.9% for hypertensive men) in spite of the age difference (mean
age 50.5 vs 67 years, respectively). Also, the combined prevalence of the three metabolic
disorders at the baseline was 4.1% in the San Antonio Heart Study (Ferrannini et al.
1991) in spite of the different definitions. In Pieksämäki town in Central Finland, MS was
present in 17% of men and 8% of women (Vanhala 1996). However, low HDL was more
prevalent in men and hypertriglyceridemia less prevalent in women in Pieksämäki than in
our study. 

All in all, there are important variations in the prevalences of the components of MS
between different geographic areas in Finland. Laakso et al. (Laakso et al. 1993)
estimated the prevalence of MS in two population studies, one comprising about 1400
non-diabetic subjects and about 900 NIDDM subjects aged 45–64 years from eastern and
western Finland, and the other comprising a random sample of 1298 residents in the
Kuopio town, eastern Finland, aged 65–74 years. Almost identical definitions of the
components of MS were used for HDL cholesterol and hypertension compared to the
present study. Surprisingly, the prevalence of hypertension was 2-fold in control women
in Kuopio compared to the Oulu area although, control men showed an opposite
relationship. The prevalence of the cluster of low HDL cholesterol and hypertension
followed the same relationship. Furthermore, in the older study group of non-diabetic
female subjects aged 65–74 years, the prevalence of hypertension was 60.8%. This
difference is even more conspicuous because the present study subjects with IGT/
NIDDM were included in the control cohorts. However, in our control cohorts, 10 – 12%
of the subjects had antihypertensive medication, which information was not available in
the Kuopio study.

The European Group for the Study of Insulin Resistance (EGIR) (Beck-Nielsen and
The European Group for the Study of Insulin Resistance 1999) used the definition of MS
proposed by the WHO expert committee. The EGIR database, consisting of
approximately 1500 hyperinsulinemic, euglycaemic clamp studies in Caucasians from 21
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clinical centres all over Europe, found the prevalence of MS in healthy Caucasians to be
15.6%. Less than 1% of the population presents with all the components of the syndrome.
In Danish twins aged between 55 and 75 years (with individuals known to have diabetes
excluded) the prevalence was 12.5%. These findings are in good accordance with the
present study, in which nearly identical rates could be achieved by applying increased
blood pressure and elevated levels of triglycerides. 

Our results are in accordance with several previous studies (Nilsson et al. 1993,
Ferrannini et al. 1991, Nilsson et al. 1990, Poulter et al. 1996), showing the large
proportion of hypertensives with both poor blood pressure control and multiple metabolic
abnormalities. The lipid profiles of the hypertensives in our study were almost identical to
those of Swedish hypertensives (Nilsson et al. 1993), with the exception of total
cholesterol, which was somewhat lower in Oulu, even though the subjects with known
angina pectoris, previous myocardial infarction and known ischaemic heart disease had
been excluded from the Swedish study. 

When the lower limit for obesity was set at BMI > 30 kg/m2 , only 17.5% of all the
study subjects were free of all the nine disorders. The most marked difference was seen
between hypertensive men and control women, who were 8 times more often free of all
the nine disorders.

Smoking has not been shown to have a consistent effect on the different measures of
insulin sensitivity at population level (Henkin et al. 1999, Eliasson et al. 1991).
Experimental studies using the clamp or insulin suppression technique have shown
impaired insulin action in smokers (Attvall et al. 1991, Facchini et al. 1992). However,
the IRAS study revealed no association between active smoking and insulin sensitivity,
but exposure to environmental smoking was related to lower insulin sensitivity in
females. A parallel finding was made for hypertensive women in our study, where there
was a nearly significant trend towards a higher prevalence rate of the metabolic syndrome
in smokers. The reason for the contradictory results between epidemiological and
experimental studies is unclear, but different mechanisms or confounding factors, such as
obesity, might explain the discrepancy.

In the present study, the prevalence of the metabolic syndrome did not vary with
menopause in control and hypertensive women, which is in accordance with the studies
reporting a moderate, if any, effect of menopause on insulin resistance, although the
available studies are insufficient to warrant definite conclusions (Tchernof et al. 1998).
Interestingly, Casiglia et al. (1996) found no influence of menopause on blood pressure or
the cardiovascular risk profile after adjustment for age. However, the use of hormone
replacement therapy might have been a possible confounding factor in attenuating the
accumulation of central fat in one fifth of postmenopausal women. 

Although obesity is associated with insulin resistance in cross-sectional studies, the
prospective relationship has appeared to be opposite in direction (Haffner et al. 1992).
Several studies have shown strong insulin/blood pressure associations in lean subjects
(Ferrannini et al. 1987, Swislocki et al. 1989, Laakso et al. 1989), but weaker or no
assciations in obese subjects (Laakso et al. 1989, Bonora et al. 1990). The prevalence of
obesity as measured by BMI has not changed in the Oulu region when compared with the
two earlier Finnish studies (Aromaa et al. 1989, Tuomilehto et al. 1989), though the
prevalence of marked obesity (BMI ≥ 30 kg/m2) has notably increased in men (16.6 vs
10.8%), but not in women (15.4 vs 19.0%). These results are supported by the findings of
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Kastarinen et al. (2000) in men, but not in women, whose BMI increased by 0.2 kg/m2

between 1982 and 1992 in eastern and southwestern Finland. When compared to the San
Antonio Heart Study (Ferrannini et al. 1991) subjects, the prevalence rate of obesity was
identical (about 54%). 

In subjects with central obesity (BMI ≥ 30 kg/m2 and WHR ≥ 1.00 in men and ≥ 0.88
in women), the prevalence of MS was 56% in men and 40% in women, and when
compared to subjects without any type of obesity, the occurrence of MS was 14- to 20-
fold (Vanhala 1996). 

The average calculated relative risk for coronary heart disease over the next six years
was 1.6 for males (36% risk of CHD in six years). Corresponding calculated relative risk
levels for coronary heart disease were reported for Swedish hypertensives (Nilsson et al.
1993). Assuming full reversibility of risk, about 30% of the future CHD cases among
middle-aged men during the following six-year period could thus be prevented by
reducing the risk factors to the level recommended by the consensus agreements. 

In the present study, all the definitions were chosen so as not to underestimate the
prevalence of the metabolic syndrome and to avoid the obvious gender differences in the
anthropometric (WH ratio and metabolic (HDL cholesterol) measures. Three fourths
(73.8%) of a random urban population and nearly all (91.3%) hypertensive subjects show
at least one cardiovascular risk factor in addition to the hypertension itself, including
insufficient blood pressure control, overall obesity, atherogenic body fat distribution,
hyperinsulinaemia, hypercholesterolemia, low HDL cholesterol, elevated triglyceride
levels, impaired glucose tolerance and diabetes mellitus. Corresponding prevalences
based on the different definitions of the metabolic syndrome (Table 4) are achieved by
applying blood pressure ≥ 160/95 mmHg plus triglycerides ≥ 2.0 mmol/L or combining
fasting insulin ≥ 12.0 mU/L and triglycerides ≥ 2.0 mmol/L. 

A cluster of conventional cardiovascular risk factors, such as hypertension, glucose
intolerance, hyperinsulinemia, low HDL cholesterol and high triglycerides, was found to
occur more frequently than would be expected by multiplying the rates for each
components. This supports the existence of a particular metabolic syndrome. However,
the calculations of the expected prevalence of MS were based on the assumption that the
components of MS are independent of each other. This assumption is not totally valid
because of the linked metabolism of the components, especially HDL cholesterol and
triglycerides (Laakso et al. 1993).

6.2.3 Predictors of the metabolic syndrome

The predictors of the metabolic syndrome in this cross-sectional study are consistent with
the earlier surveys (Després et al. 1990, Björntorp 1992b, Pouliot et al. 1994, Haffner et
al. 1988, Cambien et al. 1987). The highest correlations emerged between different
measures of insulin resistance and obesity. BMI as a marker of overall obesity was a
slightly more powerful predictor of the metabolic syndrome than the WH ratio, which is
contrary to the earlier findings (Després et al. 1990, Björntorp 1992b). However, the most
powerful predictor of the metabolic syndrome in our study, waist circumference, has been
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found to be a more powerful predictor of the metabolic syndrome than the other measures
of obesity (Pouliot et al. 1994). According to their data, a waist circumference over about
100 cm was most likely to be associated with the metabolic abnormalities, being
approximately similar in men and women. These findings support the central role of body
fat distribution in the insulin resistance syndrome on the epidemiological scale. Indeed,
the WHO expert committee included WH ratio as one component of MS (Alberti &
Zimmet for the WHO Consultation 1998). The possible mechanisms by which visceral
obesity influences insulin resistance have been discussed in detail by Després et al.
(1993) and Björntorp (1990, 1991, 1992a). The most important factors proposed are
elevated levels of systemic FFA, increased sympathetic activity and hormonal aberrations
related to enlarged visceral fat mass. However, obesity is only one, although common,
manifestation of the primary defect contributing to the development of insulin resistance.
Indeed, the syndrome can also develop in non-obese subjects (Reaven 1988). 

In the present study, uric acid had an independent, significant association with MS in
different logistic analyses, showing a consistent relation to insulin resistance. Uric acid
actually correlated significantly with the fasting and two-hour insulin levels (r = 0.34).
These findings are in agreement with the previous studies, in which uric acid has been
connected with insulin resistance as measured with the euglycemic clamp technique or
the insulin suppression test (Modan et al. 1987, Facchini et al. 1991, Vuorinen-Markkola
& Yki-Järvinen 1994). This relationship persisted when the differences in age, sex,
overall obesity and abdominal obesity were taken into account. Facchini et al. found
(1991) that urinary uric acid clearance decreases in proportion to increases in insulin
resistance in normal volunteers, leading to an increase in the serum uric acid
concentration. The mechanism explaining the observed association is unclear. On the one
hand, there are mechanisms implying decreased renal excretion of uric acid in the
presence of hyperinsulinemia, including increased levels of ketoacids and increased
sodium reabsorption with the elevation of uric acid (Modan et al. 1987). On the other
hand, there are mechanisms associated with increased production of uric acid. Uric acid is
a purine base that may originate from turnover and degradation of various phosphate
nucleosides, such as ATP, or dinucleotides. Increased ATP turnover has, in turn, been
shown to explain hyperuricemia induced by ethanol, acetate and fructose (Vuorinen-
Markkola & Yki-Järvinen 1994). 

Hypercholesterolemia has been reported to associate with higher insulin levels in
population-based studies (Paolisso et al. 1992, Ferrannini et al. 1991, Cambien et al.
1987), which is in agreement with our study. However, the euglycemic clamp studies
have shown that hypercholesterolemia is not in itself an insulin-resistant state (Karhapää
et al. 1993, Sheu et al. 1993). Karhapää et al. also reported that glucose oxidation,
glucose non-oxidation, lipid oxidation and the suppression of FFA during the euglycemic
clamp were similar between controls, FH patients and non-FH patients. This contrast
between epidemiological and experimental studies is most probably explained by VLDL
cholesterol, which lipoprotein fraction is associated with insulin resistance in euglycemic
clamp studies (Laakso et al. 1990). In the present study, this explanation is supported by
the finding that LDL cholesterol had weaker association with MS than total cholesterol.
Furthermore, the correlation analyses have not excluded subjects who had both elevated
cholesterol and triglyceride levels; therefore, this association could result from a high
triglyceride concentration in these subjects (Karhapää et al. 1993). Insulin resistance may
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affect LDL cholesterol levels by several mechanisms. Hyperinsulinemia has been shown
to associate with a high VLDL level, which potentially leads to elevated LDL formation.
However, insulin appears to enhance LDL degradation by stimulation of the receptor-
dependent catabolism of LDL. A net effect woud be that insulin could lead to delivery of
more serum cholesterol to cells lowering the circulating LDL concentration. The findings
by Karhapää et al. (1993) indicate that cholesterol metabolism in hypercholesterolemic
states is primarily regulated independent of the mechanisms related to insulin resistance. 

6.3 Association between insulin resistance and GTP

In the present study, BMI, WH ratio and alcohol consumption correlated with GTP,
supporting the observation of Yamada et al. (Yamada et al. 1989, Yamada et al. 1990).
However, elevated GTP levels have been shown to associate even more strongly with
BMI, total cholesterol and systolic blood pressure than alcohol consumption (Nilssen et
al. 1990). The association between GTP levels and blood pressure has been shown to be
independent of the alcohol dose (Yamada et al. 1989) and also documented in non-
drinkers (Yamada et al. 1990). However, the significant relationship between GTP and
blood pressure was reduced to a nonsignificant level after adjustment for plasma insulin,
whereas plasma insulin remained a significant association with blood pressure (Ikai
1995). In our study, blood pressure correlated significantly with GTP in control men. The
adjustment of the GTP levels for age, body mass index and alcohol consumption, but not
the adjustments only for age and BMI, almost abolished the correlations. This suggests
that alcohol consumption could explain a considerable part of the correlations. The same
trend was also found in control females. The lack of association between GTP and blood
pressure in subjects with drug-treated hypertension may be due to the effect of the
antihypertensive drug therapy.

In the present study, GTP levels were associated with the components of the MS. The
relationships between GTP and fasting glucose and insulin and 2-hour glucose and insulin
after glucose loading are in good accordance with the previous findings (Koutis et al.
1992, Wannamethee et al. 1995). In a Cretan population with low cardiovascular
mortality, hypertensives had higher GTP values even though they consumed less alcohol
than normotensives. This was suggested to be related to the higher body mass index and
the higher basal insulin production (estimated from C-peptide) of hypertensives than
normotensive subjects (Koutis et al. 1992). High serum triglyceride level is one of the
most common components of the metabolic syndrome. In our study, the GTP adjusted for
age, body mass index and alcohol usage correlated with serum triglyceride values in
control subjects and drug-treated women, and there was also a trend towards higher
triglyceride values in the highest GTP tertile in hypertensive men. However, drug
treatment may be a confounding factor. Beta blockers and diuretics are known to increase
serum triglyceride values (Lithell 1993), and beta blockers were the most commonly used
drugs in our male hypertensive patient cohort. Low HDL cholesterol is one component of
the metabolic syndrome. In our study, however, HDL did not correlate with GTP adjusted
for age, body mass index and alcohol consumption. Indeed, the relationship between GTP
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and HDL cholesterol was possibly confounded by the effect of alcohol consumption. This
is supported by a previous study that showed an association of light-to-moderate alcohol
intake with enhanced insulin-mediated glucose uptake, lower plasma glucose and insulin
concentrations in response to oral glucose and also with higher HDL cholesterol
(Facchini et al. 1994). The strong increasing effect of alcohol on GTP levels and the
simultaneously increasing effect on HDL levels may obscure the relationship in relation
to MS.

In the British Regional Heart Study (Wannamethee et al. 1995), the increased risk of
ischemic heart disease mortality was more marked in those with evidence of ischemic
disease at screening. The mechanism by which elevated GTP levels contribute to
ischemic heart disease has not been solved. However, GTP has been previously associated
with hypertension (Yamada et al. 1990), but not with insulin resistance per se. A
significant relationship between non-fasting serum insulin and GTP has been observed
after adjustment for age and BMI in middle-aged men (Perry et al. 1998). In the present
study, hyperinsulinemia was associated with gamma-GT tertiles independently of age,
BMI and alcohol usage in all study groups in both genders. This observation implies that
insulin resistance might be in a central mechanism by which increased GTP levels are
associated with ischemic heart disease. This is supported by the finding that high serum
GTP levels have been shown to predict the development of NIDDM in men independently
of serum glucose, body mass index and other predictors of NIDDM (Perry et al. 1998).
Also, initial GTP levels were significantly higher in stroke patients with a history of
diabetes mellitus than in non-diabetics (Peck et al. 1990). 

Several mechanisms have been proposed to explain the elevation of GTP levels. One
mechanism for elevated GTP could simply be the fatty infiltration of the liver. In fact, in
obese non-drinking subjects, the increase in GTP could be caused by the fatty change of
liver cell (Yamada et al. 1990). The elevated GTP in alcohol consumers is also related
more closely to the end-organ damage of alcohol consumption than to the amount of
alcohol consumed (Henningsen et al. 1983, Cusman et al. 1984, Poikolainen et al. 1985),
and elevated GTP in this condition may reflect more directly the alterations in hepatic cell
membrane function. 

The correlation of GTP with fasting glucose and insulin and 2-hour glucose and
insulin after glucose loading in the present study suggests that GTP has a close link to
carbohydrate metabolism and insulin resistance. One pathophysiological mechanism
resulting in the elevation of liver enzymes is an increased insulin effect on the liver
causing hepatic steatosis (Nomura et al. 1986, Wanless et al. 1989, Fagerberg et al.
1993). Hyperinsulinemia has been associated with elevated liver enzymes, such as alanine
and aspartate aminotransferases, independently of obesity (Fagerberg et al. 1993).
Additionally, hyperinsulinemia seems to be related to increased GTP and hepatic steatosis
(Ikai et al. 1995). Steatosis appears when insulin secretion is sufficient to block free fatty
acid (FFA) oxidation but not sufficient to block FFA mobilization from adipose tissue
(Wanless et al. 1989). FFAs are the major substrate for hepatic triglyceride synthesis,
explaining the strong association between triglycerides and fasting insulin, and they are
markedly cytotoxic (Wenzel & Hale 1978) which may lead to alterations in hepatic cell
membrane function and to increased release of GTP. 
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However, insulin is degraded in the liver by the enzyme glutathione insulin
transhydrogenase. GTP is involved in glutathione metabolism by mediating subtrates for
the synthesis and cleavage of glutathione. Renal GTP prevents the excretion of
glutathione from the body by initiating cleavage of this tripeptide (Hanigan et al. 1996).
The presence of GTP in extrarenal tissues may be a means of preventing loss of
glutathione and its constituent amino acids from the body. It can be hypothesized that
increased concentrations of insulin in hepatic cells possibly induce GTP activity and
subsequently increase GTP release from hepatic cells. This is supported by the finding
that induction of GTP activity and increased intracellular glutathione concentrations
correlate with increased resistance of tumours to chemotherapeutic drugs (Hanigan et al.
1996). 

The results of this population-based cross-sectional study suggest that GTP may be a
marker for the metabolic syndrome in the same way as for hypertriglyceridemia and high
fasting insulin (Reaven 1988) or hyperuricemia (Vuorinen-Markkula & Yki-Järvinen
1994). GTP was related to many components of the metabolic syndrome even after
adjustment for age, BMI and alcohol consumption. However, as the regression analyses
show, BMI and triglycerides are significantly more powerful predictors of the metabolic
syndrome than GTP, which explained only two percent of the variation of fasting insulin.
Thus, in the absence of other evidence of disease and increased alcohol consumption,
GTP could be used as a marker of the metabolic syndrome, and elevated levels of GTP
should lead to a more detailed evaluation of the possibility of the metabolic syndrome.

6.4 Carotid atherosclerosis in hypertensive and control subjects

6.4.1 Blood pressure and carotid atherosclerosis 

Attempts have been made to standardize the methodological variability in the IMT
measurements between different laboratories during the recent years (Berglund et al.
1994). Although near-wall measurements have been theoretically considered unreliable,
near-wall measurements continue to be commonly used even in recent studies (ARIC,
Vitelli 1997, The Rotterdam study (Bots et al. 1999), the CHS study (Polak et al. 1996).).
The argument for the choice of both the near and the far wall is the clinical findings of
progression trials, including the finding that near wall measurements reduce the
variability of IMT progression by 30–40%. Furthermore, the lower variability means that
a smaller sample size is sufficient (Furberg et al. 1994). In the present study, the
ultrasonographic examinations and the IMT measurements were performed by one
trained radiologist at five distinct points in both the right and the left carotid arteries,
including the near and far walls, i.e. altogether 20 sites. The mean values of several
measurements were used, which gives a more reliable IMT value than the maximal IMT
value alone (Wikstrand & Wendelhag 1994). Furthermore, IMT measurements with and
without plaque thickness were used, due to the fact that if a plaque is located on the site
of measurement, it may be difficult to measure the IMT value separately. In the present
research, the variabilitity of the IMT measurements was in good agreement with that of
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the other studies (Riley et al. 1992), and the variabilities were also similar for near-wall
and far-wall values. In general, high precision and good accuracy make ultrasonography a
feasible method for assessing the IMT of arterial walls as a valid estimate of the degree of
early atherosclerosis in population studies (Berglund et al. 1994). 

In the present study, IMT was independently associated with the established risk
factors for atherosclerosis: age, LDL cholesterol, systolic blood pressure and smoking.
These results are consistent with some earlier studies (Craven et al. 1990, Howard et al.
1990, Salonen et al. 1991). We did not find any significant associations between BMI,
WH ratio, physical activity and IMT, which is contradictory to the ARIC study (Folsom et
al. 1994), but agrees with Salonen et al. (Salonen et al. 1991). The independent predictors
of IMT explained only 18% of the variance in IMT, which is in accordance with some
earlier reports (Salonen et al. 1991). The possible reasons for only this small amount of
variance being explained are the possible weaker associations with carotid atherosclerosis
than coronary atherosclerosis, the measurement error of IMT, genetic susceptibility,
haemostatic factors, imprecise measurement of risk factors and unknown confounding
biases (Folsom et al. 1994).

The mean IMT values were approximately 0.15 mm higher in our study compared to a
previous study (Howard et al. 1993). Compared to other Finnish studies, the IMT values
were 0.17–0.22 mm higher (Salonen & Salonen 1991) or 0.15 mm lower in
corresponding samples (Rauramaa et al. 1994). Using US, Salonen et al. (Salonen et al.
1988) detected atherosclerotic lesions in 48.8% of the 42– to 60-year-old men in their
ischaemic heart disease risk factor study, but 37% had intima-media thickening, while
only 10% had plaques and 1.8% had carotid stenosis. Plaques were more frequent in our
series. Since the prevalence of atherosclerosis is higher or at least equal in eastern
Finland, the difference is unexpected and may be due to the different methods for
detecting plaques and IMT. To a great extent, the discrepancy between the different
studies may have been due to the different methods of detecting the IMT and the different
cardiovascular risk profiles of the samples. 

Carotid atherosclerosis measured as CPIMT and carotid plaques was significantly
more prevalent in the hypertensive cohorts than in the controls in our study. This is in
concordance with the results of several studies (Roman et al. 1992, Crouse et al. 1987,
Tell et al. 1989, Bots et al. 1993), but contrary results have also been observed (Roman et
al. 1992, Handa et al. 1990, Poli et al. 1993, Haapanen et al. 1989), and the effect of
hypertension on IMT has been consistently less powerful than the effect of the other CV
risk factors, i.e., age, smoking and cholesterol (Giral et al. 1991, Handa et al. 1990). 

However, the present finding was limited only to the hypertensive men. This gender
difference agrees with the previous observations (Tell et al. 1989, Fabris et al. 1994,
Handa et al. 1990, Prisant et al. 1993). In Japanese subjects (Handa et al. 1990), age and
male gender were independent risk factors for a plaque score, but hypertension did not
reach statistical significance. In this particular study, the patient selection was not
randomized, the prevalence of cardiovascular risk factors was very high, e.g., in controls
the prevalences of hypertension, DM and smoking were 63%, 30% and 41%, respectively. 

In the present study, office systolic BP was the most powerful predictor of maximal
CPIMT among the different measures of blood pressure. This is in concordance with the
recent studies (Ebrahim et al. 1999, Sun et al. 2000, Saba et al. 1999). However,
ambulatory BP levels have been shown to predict target organ damage more consistently
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than office BP levels (Mancia et al. 1996, Muiesan et al. 1996). This finding was recently
supported in the study by Pauletto et al. (1999), who showed an independent association
between IMT and ambulatory BP measures, but not with office BP. The role of
hypertension in the development of LDL cholesterol mediated atherosclerosis measured
by CCAIMT was confirmed by the study of Sun et al. (2000). They observed that
elevated LDL cholesterol was associated with increased IMT in the upper tertile of SBP
but not in the lower tertiles after adjustment for the other risk factors. Total cholesterol
and DBP yielded a comparable pattern of associations, but the magnitude of the
interactions was reduced. This supports the response-to-injury model of hypertension-
induced atherosclerosis. Another explanation for the IMT thickening along increasing
LDL levels occurring in the middle of the SBP tertile was suggested to be adaptive
thickening of the intima and the media (Chopanian 1990). Such thickening is
characterized by remodeling to counteract the rise in wall tension observed as medial
hypertrophy in the presence of hypertension. In contrast, maladaptive thickening
involving monocyte recruitment and lipid accumulation in the intima occurs in the high
BP tertile group, in which endothelial damage is more likely to be sufficient to initiate
atherogenesis (Sun et al. 2000). These findings were supported in the ACAPS study
(Furberg et al. 1994) where the effect of the lipid-lowering lovastatin intervention was
larger in hypertensive patients than in the nonhypertensive group. However, alternative
explanations for the interaction between BP and LDL related to carotid IMT have also
been proposed. Elevated BP may increase the diffusion of LDL into the subendothelial
space (Fry 1987) or prolong the retention of LDL in the intima (Williams & Tabas 1995).
Furthermore, the interaction between BP and LDL may be due to other factors, as is
indicated by the presence of both risk factors.

The relationship between IMT and hypertension was not consistently significant at the
different sites of carotid arteries. Indeed, the IMT differences were significant only in the
ICA and not in the CCA or BIF. This is in agreement with the results of Tell et al. (1989),
who found that the risk factors were not uniformly associated with the plaque thickness at
different sites of the carotid arteries. Furthermore, Giral et al. (1991) found different risk
profiles according to site of atherosis in the carotid, aortic and femoral arteries.
Hypertension was significantly associated with plaques in the aortic and femoral arteries
but not in the carotid artery in hypercholesterolemic men without CVD. Moreover, LDL
cholesterol predicted independently arterial plaques only in the carotid artery, but not at
other locations. Finally, age, smoking, SBP and fasting glucose were significantly
associated with the number of arterial sites affected by plaque. 

Data reported in the literature indicate that different risk factors, such as lipid levels
and BP, may have different roles during the pathogenesis of structural changes of the
carotid artery wall. More advanced atherosclerotic lesions, such as mean maximal IMT,
have been shown to be more influenced by plasma cholesterol and triglycerides than by
BP in multivariate analysis (Pauletto et al. 1999). This hypothesis is supported by Giral et
al. (1991) and by the finding that the prevalences of plaques or marked intimal lesions
were much lower in Italian borderline hypertensives than in Swedish borderline
hypertensives with higher cholesterol levels (Lemne et al. 1995). Furthermore, parallel
results were observed in recent analyses of the British Regional Heart Study. Ebrahim et
al. (1999) found that IMTCCA, IMTBIF and plaque correlate with each other but show
different patterns of association with risk factors and prevalent disease. IMTCCA was
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strongly associated with the risk factors for stroke, such as age and SBP, whereas IMTBIF
and plaque were more directly associated with ischemic heart disease risk factors, such as
smoking, and prevalent ischemic heart disease. Their analyses suggest that the presence
of plaque, rather than the thickness of IMTBIF, appears to be the major criterion of high-
risk disease. The relative impact of the various risk factors on different structural changes
of the carotid artery requires further evaluation. Indeed, the inclusion of plaque thickness
in the IMT measurement may be confounding because of the possibly two qualitatively
different pathological processes: smooth muscle hypertrophy and plaque formation. 

6.4.2 Insulin and carotid atherosclerosis 

In the present, study we found inconsistent associations between different insulin
measures and IMT. In simple correlation analysis, the area under the curve of the
insulinemic response in OGTT had a significant association with IMT in control women,
but the association did not remain significant in regression analyses. These findings are in
concordance with the results of Haffner et al. (1998), who found that the correlations
between fasting and 2-hour insulin and IMT varied within 0.06–0.08 (p = 0.1 and
p = 0.02, respectively), indicating a similar magnitude in the relationship. However, the
correlation was significant only in non-Hispanic whites and Hispanics, but not in African
Americans. In that study, proinsulin and split proinsulin had a significant association with
IMT in non-Hispanic whites and Hispanics, but the effect did not remain after adjustment
for CV risk factors. Proinsulin correlated most strongly correlated with the PAI-1
(r = 0.41, p < 0.001) levels, and further analyses suggested a possible mediating role for
PAI-1 between proinsulin and IMT. 

In the ARIC study (Folsom et al. 1994), 14 430 persons, both blacks (27.3% of the
reported sample) and whites, in four US communities were evaluated for intimal-medial
carotid wall thickness and cardiovascular risk factors. The investigators found a positive
univariate association between BMI, WH ratio, work physical activity and diabetes in all
the four regression analyses with IMT, and fasting insulin in three of the four regression
analyses with IMT. After adjustment of fasting serum insulin for the established
cardiovascular risk factors, the effect of insulin was reduced to a non-significant level in
women (p = 0.06) and to borderline significance in men (p = 0.04). An increase of 100
mmol/L in fasting insulin represented an increase of about 3% in average carotid wall
thickness, which shows the effect of insulin to be rather modest. The main result of the
present study remained essentially unchanged, even when the insulin values were
adjusted for age, pack-years of smoking, BMI, hypertension and LDL and HDL
cholesterol, as in the ARIC study. Contrary results were obtained in a Japanese study,
which used OGTT and the sum of insulin values to determine insulin resistance (Fujii et
al. 1997). The sum of insulin values and the the sum of insulin/the sum of glucose ratio
had independent association with the maximal CCA IMT in regression analyses in
normotensive, non-diabetic men. The risk factor profile was different compared with our
study, e.g., the mean HDL cholesterol level was 2.6 mmol/L (SD 0.7 mmol/L and the
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prevalence of smoking was 50.4%. Also, the prevalence of IGT and DM assessed by
OGTT in a recent study (Ohmura et al. 1994) was surprisingly high, being 25.6% and
12.4%, respectively.

Results closely comparable to the present findings were obtained in a Swedish sample,
in which insulin resistance was determined by homeostasis model assessment (Hedblad et
al. 2000). 

Three studies have assessed the relationship between IMT and insulin resistance or
sensitivity by direct methods, such as the euglycemic glucose clamp technique and
frequently sampled intravenous glucose tolerance test (FSIGT). In the IRAS study, insulin
sensitivity was determined by FSIGT and OGTT and a significant association was
observed between insulin sensitivity and ICA IMT in non-Hispanic whites and Hispanics,
but not in black subjects. The relationship attenuated after adjustment for the traditional
risk factors and only remained significant in non-Hispanic whites (Howard et al. 1996).
However, the fasting and 2-hour insulin levels did not reach any notable relation with
IMT, which is in agreement with our study. Agewall et al. (1995) found a significant
association between CCA IMT and insulin sensitivity determined by the clamp technique
in elderly Swedish men at high and low coronary risk. Laakso et al. (1991) investigated
the relationship between atherosclerosis determined by the presence of plaque in the
carotid and/or femoral artery and insulin resistance assessed by clamp technique in
middle-aged non-obese men. Subjects with atherosclerosis had 20% reduced whole-body
glucose uptake compared to subjects without atherosclerosis. Patients with atherosclerosis
in either the femoral or carotid arteries were equally insulin resistant as patients having
atherosclerosis in both of these arterial beds. Their results indicate that the defect in
insulin action in atherosclerosis lies in the peripheral tissues, most likely in muscle.
Interestingly, glucose oxidation, lipid oxidation, suppression of FFA levels and promotion
of potassium uptake did not differ between patients and controls, resembling the profile of
hypertension. However, the study subjects were normotensive without hyperinsulinemia.
Thus, the results suggest that insulin resistance in atherosclerosis may be similar to that in
hypertension. 

All in all, the previous studies assessing insulin resistance by serum insulin
concentrations yield comparable results, indicating that the association between insulin
and atherosclerotic vascular disease may be weak and thus far only significant in middle-
aged Caucasian men and women (Folsom et al. 1997, Fontbonne 1994), not in African
Americans (Howard et al. 1996). Indeed, the results of a recent meta-analysis by Ruige et
al. (1998) support this interpretation between insulin levels and CVD. An increase of 7.95
mU/L (50 pmol/L) in fasting insulin resulted in a summary relative risk (RR)(95% CI) of
1.18 (1.08 to 1.29). Because the effect of insulin is attenuated after adjustment for
traditional risk factors, at least part of the effect is mediated by the interaction between
insulin and the traditional risk factors. 

The effect of insulin on atherosclerosis is also less powerful than that of the
established cardiovascular risk factors, such as age, LDL cholesterol and smoking.
However, an insulin-resistant state in an individual may develop by at least two different
mechanisms, namely insulin resistance can be a primary phenomenon without any
elevat ion in  serum insul in  levels  or  a  secondary event  usual ly  leading to
hyperinsulinemia. According to Laakso et al. (1991), directly measured insulin resistance
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is associated with atherosclerosis. Insulin resistance per se has been associated with a
variety of CV risk factors, including hypertension and lipid abnormalities, which are
accepted to enhance atherosclerosis.

Some observed differences between hypertensives and controls in the present study
may be partly explained by certain types of antihypertensive medication affecting the
relation between insulin and IMT. Hypertensive subjects under medical control may be
more prone to receive other therapies including cholesterol lowering medication. 



7 Conclusions

1. The prevalence of the metabolic syndrome in different samples varied, depending on
the definition, from 0.8% to 35.3%, being lowest in control men and women and
highest in hypertensive men. Three fourths of a random, middle-aged, urban
population show at least one cardiovascular risk factor and 91.3% of all hypertensive
subjects show at least one cardiovascular risk factor in addition to hypertension itself.
The independent predictors of the metabolic syndrome were waist circumference, uric
acid, total cholesterol and gamma-glutamyl transpeptidase in logistic analysis after
adjustment for age, measure of obesity and gender. The magnitude of the prevalence
rates of the metabolic syndrome is largely at the same level in various populations,
being less than one third in population-based samples in spite of the different
definitions. The cluster of several cardiovascular risk factors, especially in
hypertensives, leads to an increased relative risk of cardiovascular diseases.

2. Hypertension had a significant effect on IMT and on the prevalence of plaques in
men, but its effect in women was not significant. A long duration of hypertension
resulted in higher IMT values and a higher prevalence of plaques, particularly in men.
Hypertension as a risk factor related to arterial plaque was different, depending on the
plaque location in the carotid artery.

3. There are significant associations between GTP and the components of the metabolic
syndrome. The independent predictors of the metabolic syndrome were BMI, uric
acid, total cholesterol and GTP. Elevated levels of GTP may not always indicate
increased alcohol consumption, but may also suggest the existence of the metabolic
syndrome with its subsequent deleterious consequences. 

4. The present study revealed inconsistent associations between different insulin
measures and IMT after adjustment for the independent variables. In analysis of
variance, no positive association between insulin parameters and IMT was found
between 2-hour insulin quintiles after adjustment for the independent variables. The
exclusion of diabetic subjects did not change the results.
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